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PREFACE. 

I HAVE to acknowledge most gratefully the assist- 
ance rendered me in the preparation of this book by- 
Mr. T. H. Gascoigne, son of the Rev. T. Gascoigne, of 
Spondon House School, Derby. For the solutions of a 
few of the Problems I am indebted to Mr. Gaskin's 
Trigonometrical Examples, and to Mr. Hymers' Trigo- 
nometry, I shall be glad to receive corrections of 
errors that may be discovered in my work. 



Cambridge, October 1876. 



ELEMENTARY TRIGONOMETRY. 



KEY. 



Examples — L (pp. i, 2). 

(1) 4 feet 6 inches =54 inches ; .'. number is 54. 

(2) 15 feet 2 inches = 182 inches ; .*. number is 182-f7y or, 26. 

(3) Unit of square measurement is (192-^12) square inches, or, 16 

square inches ; .*. unit of linear measurement is \/l6 inches, or, 4 
inches. 

(4) Unit of square measurement is (1000-^40) square inches, or, 

25 square inches; .*. unit of linear measurement is V25^ inches, or, 5 
inches. 

(5) Unit of cubic measurement is (216-f8) cubic inches, or, 27 

cubic inches ; •*. unit of linear measurement is ^^7^ inches^ or, 3 
inches. 

(6) Unit of cubic measurement is (2000 -M6) cubic inches, or, 125 

cubic inches ; .'. unit of linear measurement is Vr25 inches, or, 5 
inches. 

(7) Measure of 1 yard is — ; 

.'. measure of 1 foot is ;r- ; 

3a' 

.*. measure of b feet is .— • 

3a 
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I 



) Takiiig the diagram in Example 12, let measure of AB be x. 
Thenj:!= — + (1B)=; 






_ 4x(15)^ _ 4y(1 5)'x3 



10 V3- 



(14) OD^ a. perpendicular from the centre on 
chord AB, bisects AB. 

Let a;=measQre of OJ) in inches. 
Then j== (0^)1- (diJ)i 

= (37)2-(35)'=144; 
.-. diatance= Vl44 inches = 12 inches, 

(15) Taking the diagram of Example (14]. 
Let measure of .<4I> in inches be x. 

Then a''=(181)2- (180)'=361 ; 

.-, j: = !9, and.-. ^£ = (2x 19) inche3 = 38 inches. 

J Taking the diagram of Example (14). 





I 
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EXAUPLES III. (p. 9). 

_22x5,_ 



(I) Circnmference = — = — feet =-=- feet =15f feel. 
(3) EadiM =^ ''^^ feet -^^ feet=86-306Sl feet. 
(3) Train goea in a second -^ — feet 

kRate in miles per hour=?i^il2><60^^180^ ^^ 
^ 7x3x1760 7 °' 

C4) Diameter in milea=Iii||2°9=7954,V 

(6) Circnmferenee in inilea = ^ = 2775834^, 

»(7) CiMnrnfa.™ in fe.t-'^ " ^ " '-Jip, 
■'• lV of oLrcumference = — -?^-^feet = 6 feet 6f inches. 
<B) OiroTunference in feet=??^i^; 

.-. f of eircnmference= ^^ . ^ ^ iiJfeet=47^ feet. 

(9) If X be the side of the sqnare, 

(diameter)" =2a^ ; 

diameter 7x150, . 7x150x^2- . 525^2, ^ 

(10) =.=-^1*?.^^^™ feet ^ 7^200 xV2f^t =?=0^2feet. 

(II) Point goes in a minute ^^^ . ^^?'^ feet. 

., . 22 X 12x30x60 90 ,„. 

iinmileaperhour^ -;; — -=s- — - = — = 121 



^H 6 
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^B (1! 


End goes in a minute — 


k2x16k2 
7 


Ifee 






Kate 


.„ii.„.rh..,.«^-«;«; 

Examples— IV. (p. 


21 X 
760" 

12). 


J!.f.22i. 


H *" 


60 \ 
60 V 


5- 


m 


60 
60 


\ 43- 




16-033 
■2680S 


\ S-711 
■04527 




. 24*. 16'. 5'=24°-2680S 




.-. 3 


7°.2'.43"-37°0452f 


H (3) 


.-. 176 


14- 


(4) 


60 
60 


1 28- 




0-2S 
■0038 
0'. 14-= 175-0039. 


5'4« 




091 
'.28"=-09l^ 


H <°) 




B0 14- 

■oa 


(G) 


60 
60 


\ 12'0« 




.-. 376 


.4'=375'-0fl. 




78' 


•20I 
12'.4'=78'-20L 






Examples— V. (p. 


3)- 


• 


^1 P) 


SC>(.14' 


25"-26«'1426. 


(4) 16'. 


"■46 


= ■150746.. 


H "> 


38«. 4' 


15"=38«-0415. 


(6) 42B«. 13'. 


5"-54=426''I30564. 


^1 (3) 


SI*". 3' 


7"-214i-0307. 


(6) 2*. 2 


.2"- 


22=2«0a)222. 






ElAMPLM— VI. {p. 19). 


J 






(1) £7'. 16'. 46' 


= 27°-2627 

10 

S72-62t 


5 . 


. d 




30'2919 






.-. 27'. 15'. 46' 


=30i.29M9"-7 


% 
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(2) 157'.4'.9"=167'*-069ld 

10 



9 1570-69X6 



174-5212^65 
.-. 157^ 4'. 9"=174«. 52'. 12"§6l 



(3) 


24', 


18"«0''-405 
10 




9 4-05 




•45 






.-. 24'. 18"=45*. 


(4) 


19° 


.0'.18''=19'*-005 
10 
9 1 190-05 
21-11665 




• 
• • 


19^0M8''=21«. ir.66"-5 


(5) 


143'.9'=143*'-15 






10 






9 1 1431-5 






159-0555$ 




• 
• • 


143^9'=159«.5^55"•S. 


(6) 


28' 


>=28* 
10 




9 


|280 



31-11111 

.-. 28'*=3K11M1"-1. 



(7) 10',25'.48^=-10'-43 

10 



9 104*3 



11-58888 
10'. 25'. 48''=1K 58*. 88"-ft. 
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(S) 87".38'.12'=2r-63S 
10 

fl 1 278-36 
30-707* 
.■. 27°.3a'.12"=30'.70'.74"-67i. 
(9) 300M6'.68"=300°-266l 
10 


9 1 3002-661 

333-6290i 2345679a 
,■. 3O0''.16'. EB'^SaS". 62'. 90"-i2345e796 
, (10) 422°.7'.22'-422''-1227 
^_ 10 


^^H 9 4231-22? 
^^H 469-0253AS64I9T5S 
^^* .•. 422°.7'.22°'-469'.2\53"-iJ80419753. 

ExAHPLM— VIL Cp. 20). 

(1) 19'.45'.95" = 19'-4595 

9 

10 1 175-1355 

degrees I7-B1365 

60 

rainntes 30-81300 

60 

Beconda 48-78000 



.-. 19". 4S'. 95" = 17°.! 
(E) 124'.5'.8"-'124»-0B0f 



^IH°.38'.44''-592. 
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(3) 29».76'=29»-75 

9 



10 I 267-75 

degrees 26*776 

60 

minutes 46*500 

60 

seconds 30*000 

.*. 29«.75'=26°.46'.30\ 

(4) 15»0M5"=15K*0015 

9 



10 135*0135 



degrees 13*50135 

60 

minutes 30*08100 

60 

seconds 4*86000 

.*. 15«. 0\ 15^^ = 13^ 30^. 4''*86. 

(5) 164'.7\24"=154'*0724 

9 

10 I 1386*6516 
degrees 138*66516 

60 

minutes 39*90960 

60 

seconds 54*57600 

.*. 154». 7'. 24"=138'. 39'. 54''*576. 

(6) 43«=43» 

9 

10 [387 
degrees 38*7 

60 

minutes 42*0 
.% 43'=38'.42'. 
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(7) 38«.71'.20"-3 = 3&'-71203 



degrees 
minatea 



10 I 34iS'40827 
34-840S27 



Beconda 26'977200 

.'. SS'. 71'. 20"-3 = 34°. 50'. 26"-97r3. 
(8) 60'.7&.94''-3-50»-76943 



10 


1 456-92487 


degrees 
minutea 


45-692487 
60 

41-549220 
60 



(9) 170«.63'.27"=17Oi-6327 



10 I 1535 6943 
degrees 153'56943 





Beconda 


9-94800 




170>.63'.27" = 


153°. 34'. 9" -046 


(10) 


324'. 13'. 88" -7 
10 


=324»- 13887 
9 




1 2917-24983 




degrees 


291-724983 
60 




minntes 


43-498980 
60 




Beconda 


29-938800 




324».13'.88"-7- 


.29r.43'.29"-9 
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EsAMPLBa-VIII. (p. 2[). J 


a) Circular t 


ueasureis ^ =-^. J 


<S) Circuit n^u,. is ^^-^^='^- ^^ 


(3) Circular measure is li:?^-" '" = ^. . ^^^| 


(4,C.cul„„..™i.?^'=|. ^1 


(6) Cirouliir d 




(ejCiroohrn 


180 60x130 108U0* ^^^H 


" 180 ISO « 3 -2*0- ^^H 


^(8)Ci.cutarn,„ur.i,lV.%" 43504 «j^271fc ^^ 
laO 180x3600 4OD00 I 


{9)Cmol„m.MU«ot«^anEl.i.?Jj.'.|. ^ 


(10) Tlie angle! 


1 ore 90°, 45°, 45°, and of these the circular measures 


^"f.f.f- 


i 




ExAMPLEa-IX. (p. 22). ^^J 


^H (I) 


Meafiure ia degrees is Tli^=go. ^^^H 


^B w 


Measure in degreea ia ^J^= (iO. ^^^| 


^^^^^ (3) Men.™ in d.jre.. i> ~^-K. ^^H 
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^H (4) Measure 


«d.gr,»i.-yf 




^^H (&) Measure 


nd,g„„i. =•;;;" 


.. ^ 


^^^k (6) Measure 


--■^S°= 


-f' ■ 


^H (7) Measure 


^..^..■■^ 


4°' ■ 


^H (8) Measure 


.a.gr»,i.';" 


=f^ ■ 


^^^ (9) Measure 


„d.g,..,i.l^^^7. 


'^' ■ 


^H^ (10) Measure 


«— '\^= 


^^1 


^^^^^ EXAMPLES-X. (p. 22). 


1 


^1 (1) Circular mm 


" " 200 ~ 4 ■ 


■ 


^1 (2) Circular meaa 


«^w=¥- 


■ 


■ oici^u,^™^™,.?:!^.^. 


■ 


^1 (4) Circular meas 


. 250x7r 5n- 
'21)0 4 ■ 


■ 


^H (6) Circular m«is 


„ :„ 500 X TT fm 
"*"* 200 2- 


■ 


H (6) Circular measure b •'^"''™ "-^ =-065262ajr. ^^| 


^H (7) Circular meas 


. 24-150215XB- 
200 


-120751075ir. ^^| 


B (e)Ci„»l„m«.«„i.'™^"' 


6250065tr. ^^H 
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(9) Circular 
(10) Circular 



Bkamples — XI. 
(1) Meaanre in gradaa 
(S) Measore in gtodea 

(3) Measure in grudes 

(4) Meitsure in gradea 

(5) Measure in grades 

(6) Measure in grades 

(7) Meoflure in grades 

(8) Me&eure in gradea 

(9) Measure in grikdes 
(10) Measure in grades 



-33-1 

^=133 'J. 



23 X 200 460 



Examples— XII. (p. 23). 
(1) MeMure=22l-=-5=22'5-i-5=4-5. 
<2) Unit = 42-5° -^ 10 =4-25°. 
(3) Angle=8x2°,or, 16°; 

.■. larger uiiit=16°H-5=3J'. 
Tbeu, amaller unit in terms of larger is S-^3|, o 
and larger unit in terma of smaller is 3J-e-2, e 



m 


— 1 
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^1 (4) Angle=7x3°,or,2r; 

^H .-. larger unit=21''~6=3i°. 

^^H Then, Bmalleir unit in terms of larger is 3-^3^, or, f, 

^^H and Im^r unit in teims of smaller ia 3^-^3, or, \ 




^H iri) Measure = 42-^ 45 ^ff. 




^^k (6) 13M3'. 48"= 47628°, 


A 


^H .-. ratio=4762a % 5 : 227934-70 r 67. 


1 


^P (7) G:D = 10:9, .■.,9e = 10A.--,G=D + JD. 




^^ (8) The angle? of each triangle are BO", 60°, 30°, because the line, 
djHwn from any angle of an equilateral triangle to bisect the base, 
cuts the base at right angles, and bisecta the vertical angle. 

1 Expressed in grades the angles are 100>, 66^', 33|'. 


^K (d) Let E+v, X, »-V be the angles. 

^H Thenii;+j + »;+(ii-j,-.180°, or,3j!"180', or,a=60° 




^H^ (10) 39'«12 

^^H 10 1 






^^H degrees "351108 


^ 


^^^1 minutes 

^^r seconds 38'8800 


1 


^H (11) Numberofdegreesintheargle"^. 


1 


^^ Namber of grades „ =^^1^ 

^1 Kumbcr If Frrr-h nc-rdi ^ x 10 x 100 x 100 


' 27 




^H (12J 5°.33'.20° = 20000"; and90°=324000'i 

^B ■. fraction ^^'^'^ - 324000 -^^'' - ^ . 
^^B ., iraction ^ . oewuu gojooQ-gl 


^ 
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(13) Let X be the 
_ Then 



then 



of the angle in degrees, 
lire of the angle in gradi«, 



Fand — + ^ =I,or,10a=19,or,a:=ra; 
.*. unit angle is 1'9°. 
(14) Let »+y, a, a— y be the angles expressed in degrees, 

(or, 101+101/= 18I-9J, nod .'. a=^'; 
.■..h...Bi„™?a,f,ia. 

and these are in the ratio 27 : 19 : II. 

;16) Let a + y, I, I — J be the angles expressed in degrees. 
Then a + if+i + i-i/^ 180°, or, 3a=180°, or, i=60'. 



H (ir,600-10y=120 + 2y,and.'. y=-40*. 
■ Hence the angles are 100°, 60°, 20°. 

(17) Circnmference : diameter—SCO ; 2 x 57-2B577 

= 180: 57-20577 ■ 
=3a4159,,. ;1, 

(16) TbeEumof the two angles is 90°, because the thirdangle is 90° 
Hence, dividing fiO° into two parts proporliunal to 2 and 3 

twe have 30° und 54° for the angles, 
.". angles expressed in degrees are 90°, S4°, 36°. 
„ „ grades are llXJ", 60", 40'. 

circular measure are ~ , — , - . 

(18) Angie:360°=13:27; 

, 300x13. 40x13, ,.,,. 

,. anKle«=~^=— degreefl=— = — degrees=l(3J . 



w 
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(20) Angle :4riO«=17 :54 ; 

.-. angle-l"^^ grades=126-62S grades. 

(21) Angle subtended by an am 18 inches long^unit of circular 
re>3 — grades ; 



(22) 1st angle contains %1^^ gmdea, or, ^ grades. 
2d angle contain. lE^^O ^^^ ^^_ ^OO ^^^^_ 

3d angle contains (2OO - ^ - ^-J")gr., or, ^^^^-^^^^ g,. 

(23) Angle Hiquired=-|- of 15°. 39'.r=54°. 46'.54"-6. 

(24) Circular n,eo.urc-^-l:^xjr^n3«3M^n_^.^^^g_ 
^ ' 200 2000x113 400 

(25) Measure in degrees = -^ = 20ir, 

(26) Larger circumference = 400 timea smaller circumference. 
Then, since j^th port of smaller circumference subtends an 

angle of 1° at the centre, it follows that j^ of ^^th part 
of the larger circumference will subtend the same angle. 

J\^ 1 

0x361 

(27) 4 right anglefl=360° = 400«»27r' ; 

,'. the measure of 1° will be - 
31 

Uie measure of 1< will be - 
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: length of 1 degree of meridian = 
») (1) -|x45°=67J°; 4x45'' = 180°; .r k45'=45w° j 
(4» + i\x45° = [w. 180 + 15)°. 

(4»4).j.,„5. 

10} Numbei of degrees in the unit angle = ; 

« of an angle of 45'=45 -3^080^ 45xjr ^^ _ 
^ IT 3x180 12 

ni) (1) Sumof anglea = (12-4)ri(!ht angles = 8righliangle8. 

{EUCUD, I. XXXII., OoR. 1.) 
-■. eachaiigle = — ^ degreea = J20°. 
(3) Sum of angles= (10 - 4) right angles = 6 right angles ; 
.'. each angles degrees >» 108°. 

_62<100^ 



(l)i;M:bangle= 



Hgradea=120«. 



= 150*. 



(33) (1) Circular n: 
(2) Circular n 



e of each angle = 
e of each angles 



_ "T Sir 
6x2~3 ' 
• (34) Sum of all the aDgles= (2re - 4) tight angles ; 

.-. cinralar measure of each ajigle = ?^^. -?!^=r-??. 

(36) Arc Bubtending an angle of 180°= l&g feet 

,'. uc subtending on angle of 10*» ^ feet=n- feet. 
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(36) Let %n and n be the number of sides in the polygons, respec- 
tively. 

Ajn A. 

Each angle in first polygon contains — - — right angles. 

O** A. 

Each angle in second polygon contains — - — right angles. 



n 



4n - 4 2n - 4 



= 3:2; 



291 n 

.'. 4w-4=6n — 12, or, 2w=8, or, n=4 
Hence the number of sides wiU be 8 and 4 respectively. 

Examples— XIII. (p. 36). 
(1) sinB-lD^Tj; cos5^D=-jg ; XxciBAB^ -tj.\ 
smABD^jj^ ; cot^Bi)=2n > cosecABD*^-jj^ ; 

fiinBCD=g^ ; sinC^D = j^ ; tan5CD=^ • 

B 




D 



Flo. 6. 



(2) -^ssin^, .*. a==b,amAy 


.^ssCosC, .'. a=6.cos(7, 


— z=tan^, .'. a^c . tan^l, 
c 

— BscotO, .*. a=sc.cot(7: 
c 

and similarly for the rest of the Examples. 
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Examples— XrV. (p. 49). 

(1) cosa . siny . cos8 = cosO® , 8in45^ . cos60* = 1 x — - . Jia-. ^ . , 

(2) 8m(9. cos -^ . coBecdssinOO*" . C0645* . cosec60* 

4 

_ 1 2 __ /2^. 
~^''V2''V3~V 3 

3) Bin -^ + cos-^ 8eeii=sin9(f + cos30'-secO*=l+^-l=^. 
'''26 22 

(4) sin ^ . cosec-^.sec8=sin60®.coseo90°.sec60°*^ x 1 x 2=V3. 
3 2 2 

(6) (sintf- cos^ + cosecjS) (costf + sec -^ + cotd ) 

= (sin90° - C0S90** + cosec30'*).(cos90' + sec45* + coteo*) 
«(l-0 + 2).(0+V2 + ;^)=3x(V2 + -^)=3V2 + V2w 

(6) (8in8 - siny) (coi?^ + cosy) = (sin60* - sin45'*) (cosSO* + cos46°) 

J'Jl i.YV34.±^ 1_1 1 
V2 " ,JV\% \JV ^ 2*4' 

sin'^ = 8in«30'=:i. x 4"= —• 

2 2 4 



(7) cot«-^-cot«-^=cot«45*»-cot«30'=l-3»-2. 
4 o 

gin«iL-8in«i i.-i- 

6 4 4 2 -2 ^_ 



. 9 ir .0 will 
gm* — , gin* — — • — 

4 6 4 2 
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(»)(-|-5)(-T-|)-(i*f)(f-T) 






(») cos — - • COS -x-=-T7 • -rr ="^ • 
\ / 3 *^ 6 2 2 4 



¥**«(-3 +-6 j+ a'^Hs -TrT ««T+T «« 6 



2 2 2 4 



(10) tan«^-tan2:l=3-l=-|- 
^ ' 3 6 3 3 



Sin* — - - sin* — - 



6 4 4 



8 



3 6 4 4 




Fia7. 



EXAMPLES~XV. (p. 52). 

(1.) Let FM. be the tower ; A the place of 
observation. 

Then ^Jlf= 200 feet, and L P^M= 60*. 

Now TM^AM, tanP^M 

= (200 xV3) feet =346-4101 . . . feet 




Fia 8. 



(2) Let jRO be the tower ; P the point of obser- 
R vation. 

Then AP=140 feet, and l 12P^ =30**. 
Now RA=^TA. tan30°. 

=i^ feet=i^^ feet =80-829037 . . . feet. 



.-. -RO-80-829037 ... feet + 6 feet =86*829037 . . . feet. 
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(3) Taking the diagram in Art. 87, 

.-. tan£fQiJ=V3, and/. z£fC^=60'. 



(4) Let AB be the steeple ; P the point 
of obserration. 
Then PJ5=300 feet, and L ^Pi?=30'. 
Then AB=FB . tan^P^ 

=300 ~ feet= 100V3 . feet ^- 
V3 P 

=173-205.. .feet. 




Fio. 9. 



(5) Let AP be the rock ; the position 
of the ship. 

Then AP^2^ feet ; and i A0P=^30P. 

Now PO=AP . cotAOP 

=245 . V3 ft. =424-352 ... ft. 




Fia 10. 




(6) Let AB be the hill ; C and D the positions of the milestones. 

Then 2>C=1 mile; z^CB=45*; • 
z ADB=3(f. 

Hence i CAB»4b% and AB=BC. 

Let a; » height of hill in miles. 

Then AB=BD . tan^2>5 

= (50+ CD), tan 30*; 

.-. x=(aj + l).-^; 

.-. V3.a;=a;-H, or, ^-._^_ ^ ^3 + 1^3 + 1 . 

^JS^l 3-1 2 ' 

9.700 
.% a;- ' ^ ' • • nules= 1-366 . . . miles. 
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(7) Let AQ be the flag-staff; FO the tower j M the point of 
obaerratioa. 

/ Thea Pif^lOO feet; LAMP=i&'\ 
I OMF=W. 
Then AO=AI'^OP 
I =PJtf-PM.tanOMi' 

=(ioo-ioo.-L)ftet. 

_300-100v'3. 




_ 300- 173 '205. 



''feet 



:feet=42'263...feel. 



) Let AP be the tower ; MO the column ; MB parallel to OP. 
Then i ^3fl>=30°, and i AOP=Wi°. 




ARAAD=MD.tmAMD= 



v^ ■ ;^ 



) Hence 03f=4P- JD=(l08-3e) feet=72 feet. 



(9.) Let AP be the tower; if and the poinla of obBervation. 

j3 Then L AMP=m''; and i 40P=30'. 

Let aT = height of towar in yards. 

Now I AMP^ L AOF+- L 0AM. 

or, 60°=30^+zO-4Jf ; 

.-. £OAM=30''=j.AOM, 

and .'. MJ = Oilf =100 yards. 

Then JP=3fd.flin^MP- 100 . -!^ yards =50V3 yarda. 
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(10) Taking the diagram in Art. 87. 

•'. altitude of the sun is 25^ 



(11) The diagram represents a vertical 
section of the spire and tower. 

Let X represent the height of the spire in feet. 

Then AM^x + 35 - 23=a; + 12, 

-BM= 60 + 17J= 77-5, 

and -i==-^=tan-45M=l'5; 

.\ a + 12=116-25, or, a;=104-25feet. 




Fio. 15. 



(12) Let OB be the height of the kite in 
yards. 

Let uiO be the string. 

Then OB^AO.^mOAB 



= (250 X — Wards =125 yards. A 




Fio. Id. 



B 



(13) Let ^C be the rope ; AB the height of 
the house. 

Then z ^05=40'. 30'. 




Pio. 17. 
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(14) Let -4 (7 be the tower ; BC the breadth of the river. 

A Then z ^5(7= 20\ 




And 50= 



AC 



tan^J5C 



Fio. 1& 



120 

= ^ feet =342f feet 



(16) Taking the diagram of Art. 87. 

Length of shadow^ 0^= ta^^Jg °^ feet=8'053 ... feet 



Examples— XVI. (p. 57). 

1) cos^ . tan^—cos^ . — ^,=sind. 

2) »in^ . cot^-sin^ . ^=co8^. 

3) sina . seca ■■ sina . = — stana. 

* cosa cosa 

1 COGkl 

'4) cosa . coseca ■■ cosa . -, — = -; — =cota. 

sina sina 

5) (1 +tan«^ . co8«^-Bec«^ . co82^=^=L 

6) (1 + cot*^ . sin«^=cosec2d . sin2^=:^= 1. 



7) 



tan*a tan^a sin'a ^^^, .^- 
;; — - — 5- « — 5- = —2 • cos'a = sin'a. 
1 + tan'a sec^a cos^o 

1 



-V co8ec*a-l - 

p) a ^1 — 



cosec'a 



cosec^a 



= l-8in*a=cos^a. 



,^. ^ ^ sinac cosac sin*x + cos^ 1 

9) tanx+cota;=»— + rT— = 



oosx sinx cosx.sina; coscc.sina; 



=seae . coeecx. 



m 1 
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1 HUUE 

,.„, eoea . oose<w . tana "'^^'siiuj'eoaa; coaic . sinK . coac . sins , 




ainai; , seojc . cobc . 1 coai sina; . ainx . cosa: . coai: 


1 


(11) COM + aina; , tam=coHa;-f ^ = — = — =seci;. fl 


/,,, coHfl cosd cosd.sirfl ^...^ | 
^'^'tontf.cot^d co6fl <»ad ''"^- 1 


(13) {M»W-l)(cot'fl+l)=(c<B'fl-l).cosec=fl=-ain=flx^lg=-l. 


(.4) COt'.-««^=^-co,'„ = co.=<.(^^- l) = co.=a.i^- 


IH =oos=a.^=cot'a.co3^a. 


""{15) mA. oosBC*a = sec^Cl+oot'a) = sec=a + Beo=a.^'? 


=Beo'a+cMecV 


06) Bin«i/.+Bm=^. t£ui'0=sin'i^(l +tan'i^)=Bin^ . sec^ = tanV. 


(17) oot'^.BmV + smV = 8iii=*(cot^ + l) = siii'^.co3ec*i^ = l. J 


(18) BBC**-l=tan'0=g|=sm'*.secV. 1 


(19) 2 versing -veram«0 = 2(1- cos*) -(1-coB*)^ 

=2-2««^-l + 2co8^-«)aV=l-<Ms'^=aiJiV> 


^^P Examples— XTII. (p. 6o). f 


(X) Let P^M be an angle whoae cosine is <!. 

Draw FM perpendicular to ^Af. / 
Then if AP be represented by 1, / 
^^— AM will be repreaented by c, and / 
^^L PJf will bo represented by Vl-e*. / 
^^H Then.denotinc-iP^Mby J, / 


P 


■ -»^-g-^'-V.-c« A ^^__ M I 
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tanJ 


PM. 


^rr^ 


■Jl-coB^A 


t^A 


AP 
-AM- 


1 1 

C C08^ 




cosec^ 


AP 
-PM^ 


1 


1 




AM 


c 


cos^ 



PM- vr-^ 



■Jl - toa'-l 



(2) Let PAM be an angle whose ci 
ConstructiDg a dkgnim as in Example (1), the measures of AP. 
PM, ^3f may he taken as c, 1, Vc^-l respectively. 
PM 1 1 



Then siaA = 



AP oosecl 
AM "Z?^! \'ooi 



_f3f_ 1 

AM V?^°^ 



MP 1 " 



cose^!^ 
Vcoaeo'4 = i 

Vcosec'.i - J. 



(3) Let PAM be an angle whose secant is <. 
Constructing a diograiu as in Example (1), tJie 
AM, PM, may be taken as », 1, Vj"— 1 respectiTely. 
^P3f^ V?^ 4^A^ 
3P « ° seoJ. 



if AP, I 



Then ain^ = 






cosec^=;p^=^ 



= N/si; 



AM }__ 

^' AP" B 

PM_ ■>/? 
AM ] 

PM'^^^/jzi " J^^jz: 

AM^ 1 ^ 1 



Jr£y TO ELEMENTARY TRIGONOMETRY. 



(4) Let FAM. be an angle whose cotangent is c. 

Constructing a diagiam as in Example (1), the i 

P3f, AP mny be taken aa e, 1, -Jv +c* reBpectiTely. 

_, . . PM 1 

Then Hin J. = -j-g = — i= 



^P Vl + e* Vl + « 





■KTd' 




PAf 


1 1 




JP 
PM^ 


1 


Vl + cotM 


^P 


^^^T^ 


^1 + cotsJ 


^M 


« 


cotd 



Examples— XYIII. (p. 6i). 
I (1) Take the diogratu as before ; then if l FAM be denoted by a 
le meaaure of PM may be denoted by 2, the measure of AF by 3 
and therefore the meoaure of ^M by v9-4=v5. 




I 
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(5) Let the measu 


re of P3f be a\ and diat of JJtf be 6* ; 


; then that 


of^PwiUbe VSM 


■6*. 




Them 


'^'''"^*' dec Vo' + 6* 




(6) Let the measn 


re of JJf be a, and that of ^P be 6 ; 


then that 


of TM will be ^/6^ 


<.\ 




TL..^„^-„,™.„.-^, 





(7) Let the measnre of P3f be a, and that of AT be 1 ; then that 
of AM" Trill be Vr^. "V- 



\ 



(8) Let the measure of -i M be h, and that of ^P be 1 ; then that 
ofPflfwiUbeVrHb'. 



Then tanfl= — r — , and coaecfl= 



vr^ 



(9) Let the meaeare of PM be 6, andthatof JP be 10; then that 
of AM trill be -^100-30, or, 8. 



(10) Let the meaBure of All be 5, and that of ^P be 9 ; then that 
of Pifwill be %'81-£5=\'56=2\'l4. 



Then ootS= — t= ,and Coaecfl = 



{11) Letthemeasureof^Pbe22,andthatofPJIfbe9; then that 
If AM will be V484 - 81 = V403. 



J 
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Via; xvo ^ ^ 2Q 

Let the measure of AP be 31, and that of AM be 30 ; then that 
of Plf will be V961 - 900, or, ^61. 

Then sin^= ^r- ,and tan^=^7r-- 

vl oU 

(13) Let the measure of TM be 99, and that of AP be 101 ; then 
that of AM will be V1020I - 9801, or, 20. 

Then cos<^ = Y7yr , and cotc^^r^* 

(14) Let the measure of AM be 20, and that of AF be 101 ; then 
that of VM will be V10201-400, or, 99. 

Then sin<^=rTrY, and tan<^=5rr« 

(15) Co8^=l-ver8in^=l-~=j|. 

Let the measure of ^M be 12, and that of AP be 13 ; then that 
of PM wiU be V169 - 144, or, 5. 

Then sin^=Y^ , and secd= r^ • 



Examples — ^XIX. (p. 63). 

^ ' ~"cosec-4~V^ec2]i~V(l + cotM)' 
,. . 1^ _J; 1 

(2; C0Sil-^^=.^g^^^--^^j^^2^^. 

. . _ cotflg cota; cota; 

^ ' ~coseca;'™V(cosec^)"~V(l + cot2a;)' 

(4) tana5.cosx=sinx=V(l-cos^). 

(6) COB*- ~t* » V(«^5£!^). 
^ ' ^ cosec^ cosec9 



{ 



B 


1 


^H 30 KEY TO ELEMENTARY TRIGONOMETRY. 


^H 




^B (71 


= 1 -cob'o=(1 + C03a)(l - C03a) = (l + ooan) . Tersmo. 


^H (S) to-,. 


^ siii=a Bin^^ am=«.cos=3-cos%.sinfa 


"^ cos^ coa^S cOB^a.coa'iS 


H 


(1 - coaSQ)coa=j3 - (1 - cos=3)eo85ci coa^^ - coB*a 


^^f 


,53 eos'a eo3=3 coa'a . 6m=j5 - cos'^ . sic'a 


"<**'* = sin=« - Bin^^ = Bin'a . Hin^3 


H 


(1 - Biii^a)Bm2;a - (1 - 3m=S)3in"o Bin=3 - Bin»o 


ain^a . Bm=3 ' Bin>a . Bin'fl 


^H 


tan^fl + coa'fl . eot'd = (1 - oob'S) , tan»fl + (1 - sin's) . oot'fl 


^H 


ton'e - sin'fl + cot'fl - co8'5= tan^fl + cot»fl - (sin'tf + cos^ 


^H 


an=fl + cot'5-l. 


^H (11) 


ftan'fi-{l + tan'fl)! + tsin'ff=l + 2taji-fl+tan*fl + taii'fl 


^^1 


=1 + 2 tatt=d(l + tailed) =1 + 2 tan^fl . sec*A 


^^1 (12) cosec 


(..c.-l)-c...(I-„»).j^,-jL-g.'g» 


H 


l-co3=fl 1-coa'fl Bin^fl ain^fl . ^ - « 


^^1 


f tan'ft = (coaec'S - 1) + (Bec=i - 1) = coaec^ft + aec'i - 2 


H 


1^1 „ coB=6 + sin'S , 
-8in^6'^^&-^-aii,'i.c<ia'J""^- 


^1 


n n. PI n ^1 


ain^.coB^ft ^ ooBEBf. . aec^ft 2. ■ 


^H 


-~'^-SSl-'»"--'^(.iij-0 1 


H 


_c<.M(l^i'^^)-.«M.jg-j-™<^ . ™.c>J. 


^H (15) titn^d 


-"■»-S-"-»'''^"'»(.-ss-0 1 


t 


..«.>-iS''=.«.ij:j«in...„...^j 
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(16) (aeofl-cosecff)(l + cot( 
sinfl-cOBfl siiifl.coB9 + 
Bind . cosd sind . cosd 
(l-eoB'fl)coBg + amfl- 



.4,)(' 



ain'3. cosfl+sinfl- 



coafl — cos^ + siofl - sinfl + Bin'fl - cosil 
mn'fl-coa^ sinfl _ coafl sec^fl _ cosec-g 

,.„ cosecfl aec fl cosfl Binfl_CM^fl + sin'g 
HBcfi cosecd siDil cosfl sinfl , cosfl 



o»fl(tan9+2){2tanfl + l)=cos^C2tjui'fl + 5tan(9 + 2) 
= 2 coBfl{tan'fl + 1) + 5 cosfl . tanfl 
= 2 cosfl . Bee's + 5 . BinS=2 aecfl + 5 ainA 

ob3t(2 Becc + tBiw) (seta - 2 tana:) 

=coar(2Bec^-3aecc. tBiu;-2 ton^i) 
— 2 coaifaed'a; - taii%) - 3 coai . secc . tam 
=2cosic-3 tani. 

oOBecfl - cotfl)' - coaec'fl - 2 cosecfl . cotfl + cot-d 
I 2 coafl cos'fl 
~am=fl ain^fl Bin^d 
__ 1 - 2 CQsfl + coa^g ^ (1 - CQpffl' 

( l-cos^(l-cosg) 



., seed , odd - coaecfi . tand_aiDd coed 
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cos'fl + ain'tf + l 2 



_ - s J Sain g 






BJn'fl . co8*tf Bin^.oosd 



•('+iiaks)'-"*""°-"""'' 



,, l + (coaecd.taD< ji)° _ ^ "*" Bjp'd . cQa=^ _ sin'fl . eos'^ + sin'^ _ Bin'o 



l + (0O9eca.tan$)= 


ain^.^, 


ia".. 


».■*« 


-■0 


'+a 


n=«.coa^ 




BmMl-sm'.f) + sm=0 si 






in^^ + B 
n'^ + s 


«>* 


Bm%(l - Biu^iji) + sin^ sii 


•■* 


Bin'O + ain'^^.coa'fl sia'a 










am*o + ain'^.cos*a ein'fl 










l + ain».^.eot'fl l + (ootfl. 


»!*>'. 









-4am2J)(l-3tanM)-(3-4sini'J)ri-^^i^) 
.<3-4.i.M)(=2^4zW^) 



,[' coa'^-3(l-OQB*.i) \ 



3 ooB*^ + 3 six? A - 4 sin'^ , . 




y TO ELEMENTARY TRIGONOMETRY. 33 



Ekamples— XX. (p. 63). 
14'.420 = 65=.45'.18''. 
(43°.2',57")=.4a°.57'.ff'. 
C. 14")=25°.59'. 46". 
1°.4'. 15') = 7''.66'.45'. 
(125°. 16', 42^= - (35°. 16'. 42^. 
(178°. 27'. 34*) " - (88°. 27'. 34*). 
195°= - 105°. 
254°= -164°. 
(-25')-90° + 25°=n6°. 
C-246')=9tf' + 245°=335=. 



100«- (SS". 23'. 24") =67». 76'. 76". 

(2) 100«-(95'.3'.75")=4'.96'.25". 

(3) 100«-(4a'.0'.84")=63'.99M6". 

(4) 100«-(2<.5'.4")=97'.94'.96". 

(5) 100«-(135'.a'.5")=-(36».2'.&"). 

(6) 100« - (169». 0'. 3") = - (69«. 0'. 3"). 

(7) 100'-243»=-143«. 

(8) 100«-357«=-257«. 

(9) i00«-(-35«) = 100« + 35»=135'. 
(10) 100'-(-245«) = 100« + 245«-345', 












^ 
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1 


ExAMPLES-XXL (p. 68). 






, 


1. (1) 180"-(34M2'.49^ = 145'.47'.ir. 




M 




(8) 180°- (132°. 24'. 470 = 47°. 35'. 13'. 




■ 




(3) 180°- (146°. 0'. 41") = 33°. 59'. 19*. 




■ 




(4) 180°-(28°.I5'.4'^ = I6r.44'.56-'. 




■ 




(5) 180''-(179°.59'.59'')= 1'. 




■ 




(6) I80°-{100°.49'.5y)=79M0'.7'. 




■ 




(7) 180°-245° =-65°. 




■ 




(8) 180° - (437°. 3'. 4"^- - (257°. 3'. 4"). 




■ 




(9) 180°-{-49°) = 180° + 49° = 229°. 




^ 




(10) ie0''-(-35B°) = 18O° + 355°=535*. 








S. (1) 200«-(132».32'.42")=G7«.G7'.Eff\ 








(2) 200"-(195«.2\57")=4«.9r.43". 








(3) 200»-(3».97'.98") = 196>.2'.2". 








(4) 200»- (63». 12'. 8") = 134*. 87'. 92". 








(B) 200«-(154».3'.6") = 45'.96\94". 








(8) 200»-(174«.0'.4") = 25«.99'.96". 








(7) 200«-275"=-75'. 








(8) 200«-(527«.2M4")= (327«.2M4-). 








(0) 200«-(-35')=200» + 35« = 235». 








(10) 200«-(-325") = 200» + 325s = 525«. 








z. (i).-J-J. W-f-f- 


(3) 


-f=f 




W-(-7) — T-T- <«'-(- 


f)- 
■ 


-?-? 


i 
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4. Let & be tbe ciiciilar measure of the angle. 
Then ^ _ fl is the complement of B ; 

- j — — S\ or, -5- + fl ia the supplement of the comple- 



nent of 6. 

Again n- - d is the supplement of B, 

and ^ - (ir - S), or, fl _ ^. is the complement of the aupplt 
ment of B ; 

.-. difference= ^ + fl_/'fl_^J = -^ + -^=B., 

H Examples— XXII. (p. 72). 

1. (1) Take the construction and notation of Art. 101. 

Then sec(180- - ^) = aec£OP'= ^ = -^= - secJ . 
(2) Take the ooostrnction of Art. 102, and let l E0F=B. 



« 



(3) Tiike the construction and notation of Art. 103, 
FAf' -PM_PM_, . 



Thentan(180° + ^)- 



(4) Take the conBtrnction of Art. 103, and let-: £OP=A 

(5) Take the conatruction of Art. 104, and let i EOP^A 

•n»-"(-«-|?-W-'"«- 

(6) Take the conBtraction of Art. 104, and let i EOP^B. 
Then cot(ar - 0) = cot£OP'= M =_^ _ _ cot A 



36 KEY TO ELEMENTARY TRIGONOMETRY. 



a. (1) Take the oonstmotion of Art. 102, and let l E0F=B. 
__OI^_OP 



Then c03ec(90°+£)=oo3eo£OP'= 



=aecB= 



VeoMo'B-l' 

(Ex. xviL a.) 
(S) Take the conEtructioa of Art. 103, and let i. EOP= <p. 
Then co3eo(7r + <t>)^aoaecEOP-^ 



-PH 



3. (1) Take the oonatruction of Art. 102, and let i. BOP=A. 
^ ' OM" -FM 



- OOBBO J. = 



(Ex. XVIL 3.) 
(2) Take the coostruotion of Art. 99, and let i EOF ^9. 

(Ei IV... 3.) 



«&-') = 



-XXIII. (p. 7z). 



f^^. 



0) aml20° = am 

(2) coaiao' = - oos(I80° - 120=^ - - ooa60°>. - -1 . 

(3) sml35'=flin(lS0='-136°) = sm45° = -^. 

(4) cosl35°=-cos(180°-135°)=-co345°= — ^. 
(6) Binl50°=Bm(180*-160°)=Bin3tf'=-|-- 

(6) cofll5O°=-co8C18O°-16O=0=-oofl3O°=-f^. 

(7) aui2a5°=Bia(180°+45')=~6m45°= 



-120°)=Bui60" 



) 8in240*=Ka(180°+60°)= -am60°--' 



V2 
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(9) tanSOO" = taii(360' - 60°) = - tan60° = - ^3. 

(10) cosec300'=:co8ec(360'-. 60*0 = - co8ec60'= - A . 

V3 

(11) sec315'=Bec(360'' - 45°) =8ec45'*= ^2. 

(12) cot330° = cot(360'* - 30*) =» - cot30° = - JZ. 



Examples— XXrV. (p. 75). 

(1) 8m^ + cos^=0, 

gin^^— cos'^, 
8m2^=:l-8in2^, 
28in«^=l. 

Hence sin^= ±-i3, and /. ^=45° or -45*. 

The latter of these values most be taken, because sin^ and cos^ must 
have different signs to satisfy the equation. 

(2) sin^-cos^=0, 

sin^sscos^, 

and, as in Example (1), ^=45'' or - 45^ 

The former of these values must be taken, because sintf and cos^ 
must have the same sign to satisfy the equation. 

(3) 8in^=tan^, 

g^s^H^ , and, dividing by sin^, 

1= — v., or, cos^=l, and .'. ^=0*. 
cosa 

(4) cos^=cot^, 

cos^ss-r— a , and, dividing by cos^, 
sma 

l-.-;i^, or, sin^=l, and .*. ^=90', 
sina 









1 
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^1 


SBinO 


=tanfl. 






Ssinfl 


JE^ or, 2coad=l, or, coafl=l,and, .-. 


fl=60°. 


^H Also, 

^^H equation 


since we divided b; aisd, one value of d to satisfy 
is given by ainfl=0, or, tf-O". 


tbeorigiul 


^B (s) 




3 3illd = 2009^(1, 

3sine=2(l-Bift=fl), 
2sin=fl + 3aiiid = 2, 

sinsa+|-ainfl=l. 

Hence Binfl=l, or, -%. 
:. Bijifl=i,or, fl=30°. 


: 


^V 




sm5 + cos^fl.cosecfl=2, 

sin''fl + C03^fl-2Binfl, 
l = 28infl. 
Hence sinfl = -i- , or, 6 = 30*. 




^1 (B) 




tiin5=4-3cotfl, 
tanfl+3cottf=4, 


1 


^1 Hence taiid= 
^^1 UB to say that 


tan=d^3^4Uiii9, ^^^^H 

taa=fl-4taa(9=-3, ^^^ 

tan'd-4tanfl + 4 = I, 1 

to.ie-2= + l. 1 

3 or 1, and tlie latter of these values of tnnd eoablee | 

m value of fl is 45°. d 
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I) 4Bec5fl-7tEui^=3, 

4(l + taii'fl)-7taii*fl=3, 

4-3tiiiW=3, 



= 73'' 



{JO) coad . cosecd + Bind . aec^= 



eiiid cosd V' 
cQ3'fl + aiii 'fl_ ^ 
sind . cosd ij'i. 

V3 = 4 3i 
3 = 16: 

8in*fl-8m=fl=-rg- 

Hence Ka^6=-^ or 
V3 , 






uid .'. Bindi 



', UDdfl 



)■■ or 30°. 



I 



BiQ'fl-C08'fl+ W3 + l)(l -2 sme)=0, 
Bin^a- (1 - Bin's) + ^3 + 1 - 2^3 sind - 2 Binfl=0, 
" 2(V3 + l)Binfl=- V3, 

y3+ 






:n»fi- 



s^3 + l 






4 + 2^3 ^ 4 + 2^^3 V3^ 4^SV3 



Ht^nceaind: 



" 4 



. , SDd 



3(Xw'5-ain-fl + (V3 + l)(I-2cosfl)=0, 

3 oos'fl - (1 - coa'^ + V3 + 1 - 3 V3 cosfl - 2 cosfl = 

4coB=fl-2(^/3 + l)coBfl=-V3. 

ice, by the anice process as in Example (11), 






-^ . 



4-,andfl= 
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secfl . cosecfl + 2 cotfl = 
1_ 2C05 g_ 



= 4, 



1+2 coe'tf=4smfl . cosfl, 
1 + 4 cos'fl + 4 co3'^= 16 sio'fl . cos'fl, 
1 + 4 cos'i? + 4 oos'fl = 1 6 cos'fl - 1 coa*ff, 

20 £03*3-12 C03'tf=-1, 

5 20 

Hence cos^fl = — , and coBff=— t^. 



and fl = 45" 



) ainfl + cOBfl=^2, .... (1), 

8iii^fl + 2si[ifl.cosa + cos'5-2, {2), 

2ainfl. coafl = l, 

4Biiifl.coHtf=2, and, subtracting this frnm (2), 
Bin's - 2 BiniJ . cosfl + Ms^d = 0, 

Binfl-cosfli^O, and, adding this to (1), 

28iiitf= V2, -". Hinfl=-i^, and 3=45'. 

) <»t»fl+4coB'fl=6, 

coB»fl + 4 coB^fl . sin^fl = 6 8in*fl, 
cos^fl + 4 cos'fl - 4co8*fl =6-6 coa"fl, 

Hence oobV=-|- or 2. 
The latter Talae is inadmiasilile, and we moat lisTe 
cos'fl-l", or, oos«=-^, and fl=30'. 

J) tflutf+cotfl^a. 



taB'fl-2tanfl=-lj 
■. tanfl-l, and fl=46*. 
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1 



(17) sinfl-cosfl^ ^% . . . . 

Bin'fl-2Binfl.«)sfl + coa'fl=2, .... 

-2Bmfl.cosfl = l, 
4aiiiS. coBtf= - 2, and adding thU to (2) 
Bin^fl + 3 sinfl . cosfl + 008^=0, 

suid + cosd = 0, and adding tliis to (1) 



Nov cosd bm to be of llie same numerical Talne as sind, but with 
different sign, and hence 45° is an inadmissible Ttdae of 8 ; 
.-. fl=135*. 

sinfl + cos* =^ 2 .Jl . sinfl . cosfl, 

sin'fl + 29in5 . cohS + co&''6=fi&m'6 . cos-*, 



js, andfl=45° oi 



in^fi . coe'fl- i-sinfl. coafl + 



Taking the former of these values, we get 



V3.Biiid= VS-cosfl, 
3 ain=fl= 3 - 2 ^/3 . coad + oos'fl, 
3-3 cob'5 = 3 - 2 V3 coafl 4-cob'S, 
4cOB'fl = 2V3-««S- 
Dividing by oosff, we get 

4coafl = 2V3, or, oosfl-0. 

Hence C03S=-5-, or,c03fl=0; 
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I - cos'tf + 4 cos-fl - 4 cos'tf = 3 cos^tf, 
4006*9-1 ; 



1 



.'. one value of txxB i 



J^' 



r, tf = 45*. 



ExAKPLRs— XXV. (p. 8i). 

(1) sin480°=am(360° + 120°)-8inl20*^Bm60°=-~. 

p> ooB480*-<!os(360°+120°) = eosl20° = -coa60°=--g- 

(3) Mn495*=.8iii(360'+135*) = 8ml35° = sm45''=-j5- 

(4) oob49S°-cos(360' + 135''}=cos1S&°=-cos45°=--75- 
(6) sma70°=aiii(720° + 15O'')=Hicl5O°=8in3O' = -i.. 

..'3 
{6) coB870°=ooa(720* + 150'=)=cofll50'=-cos30°=--V- 

(7).«n946°-8inC?20°+225°)=Bm225°=-ain45°=--Tj- 

(8) Bm960° =am(720° + 240°) = sm240° = - ain60° = - "V ■ 

(9) tftnlOaO°=tBn(720°+300*)-taii300°-.-taii60'=- s/3. 

(10) «»ecl380°=coBec(1080'+300°)=co8ei!300°=-coseo60°= 

(11) aecl39S°=8ee(1080° + 316°) = aec315° = 8ec45°= sl%. 

(12) i!oti410°=cot(iu80'' + 330°)=cot330°= -cot30°= - V3. 
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(13) 006420° •=008(360° + 60°) =cos60°= 4- 

(14) 8ec760' = sec(720** + 30") = sec30** = \ . 

(15) taii945'*= tan(720'* + 225**) =tan225'' = 10045**= 1. 

(16) sinl200** = fiin(1080'4 120") = sinl20''=sin60°=^. 

(17) sml485**=sm(1440** + 45**) = sin45**=42. 

(18) COS1470** = 008(1440** + 30'') = cosSO** = ^ . 

(19) sin7ir=a8in(6ir + ir)=8iiMr=0. 

(20) 8ec8fr=8ec2n-=l. 

(21) 00860930** =coseo(720' + 210'') =cosec210*= - cosec30*'= -2. 

(22) ootll40"=oot(1080" + 60") =oot60'=-i- . 

(23) taiil305*' = tan(1080*' + 225") = 1011225" = tan45" = 1. 

(24) oosecl740"=cosec(1440" + 300")=cosec300"= -cosec60"= — ?- 

v3' 

(25) Bm(- 240") = - 8in240"= - 8iD( - 60") = 8in60"=-?^^. 

(26) oot( - 675") « cot(720" - 675") = cot45" = 1. 

(27) 8ec( - 135") = - sec(180" - 135") = - 8ec45"= - ^2. 

(28) tan(-225")=taii(360"-225")=tanl35"= -tan45°= - L 

(29) ooeec( - 690")=oosec(720" - 690") =cosec30"«2. 

(30) oos(-120") = oo8l20'=-cos60"=--i. 
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Examples— XXVI. (p. 82). 

It 
(1) sin^sl ; /. one value of ^ is -5- ; 



•»ir 



.'. general value of ^ is twr + ( - 1) .— . 

{% cos^=l ; /. one value of ^ is ; 
.*. general value of ^ is 2n9r. 

(3) sin^^-To » •'• oi^e value of ^ is -j ; 

.'. general value of ^ is twr + (— 1) .-^ . 

(4) tan^= V3 ; •*• one value of ^ is -^ . 
.'. general value of ^ is utt + -^ . 

(6) 3sin^=2cos2^ 

3sin^=2(l- sin«^ 

Bin2^ + |-sin^=:l 

(8in^+|-y=±-|,or,8in^=lor -2 
.'. least positive value of ^ is -^ ; 

.'. general value of ^ is n^r + ( - 1) .-^ . 

(6) 28in^Btan^, 
« . >» sin^ 

/. sin^«0, or, 008^=^ ; 

.«. ^=0, or, ^=3-; 
.*. general value of ^ is nvr or 2n7r± -;- . 
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(7) tan2^ + 4sin2^=3, 

8in2^ + 4 8in2^ . cos^^ = 3 cos«^, 
sin^^ + 4 sin^^ - 4 8in*^=3 - 3 sin^d, 
48in*^-88in2^=-3, 

4 

8in2d-l=±4. 
2 

Hence sin^= '^kI -^ or± -r^ ; 

.*. least positive value of ^ is -^ ; 

4 

.'. general value of ^ is mr + ( - 1) .-^ . 



(8) cos«=sin2^, 
cos2^=l-cos2^, 

2 008*^=1, and /. cos^= ±-i= ; 

V2 

.*. the least positive values of Q are —and — ; 

4 4 

.% the general value of ^ is 2n7r± — or 2rMr± — . 

4 4 



(9) tan^=-f-3cot^, 

tan^ ^' 
tan2^-4tan^=-3, 

tan^=>3 or 1 ; 

•*. the least positive value of ^ is -^ ; 

4 

.*. general value of ^ is tut + -^ • 

4 
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(10) seo'fl— |-ae<!fl + l=0, 

Taking the viUue 2 for sec5 (the other Talue being impossible) 
the general value of 6 ia 2!nr± y' 



(1) 



(3) 



Examples -XXVn. (p. 87). 

B)={BlnJ,cosB + cosjl.sirLB).(sinJ.oosB-cosJ.BiiLB) 
=alii'4,oos2£-cosM.8in'B 
-BmM(l -ain=5) - (1-sinM) sin'B 
=Bin^J -Bin*B. 



LBin^ 



(3) 
i»b(J + £).cob(J- 



i) = (cOS-d.COsB — ain 4 ain B) (cosB. POs£ + sinJ.HUlB) 

= cosM . c:os^5 - Bin'J . sa^E 

= co9M(l - sia'B) - (1 - cos' J)siii'B 



Ka(a + 0).cos{Q-j3) = (co! 



ain3)(co 
.Bin^jS 
il»a(l-( 
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(6) 
2 8in(» + y) . co8(fl6 - y) — 2(sin«. <X)sy + cosx . siny) . ((X)sa . cosy + 8m^ 

B 2 {sins . CO8SB . cos^ + sin^x . cosy . siny + cos?x . siny . cosy + 

sinx . cosx . sin^} 

= 2{sina! . cosa;(cos^ + sin^) + siny . cosy(sm?x + cos^)} 

»2{sin2C . cosa; + siny . cosy} 

= (sinx . cosx + cosx . sina;) + (siny . cosy + cosy . siny) 

= 8in(a5 + x) + sin(y + y) 

=sin2ac + sin2y 

(6) 
2 coe(x + y) . sin(» - y) = 2(coBas . cosy - sinx . siny). (sinx . cosy - cosaj . siny) 

= 2{sinx . cossc . coe^ — siny . cosy . cos** — siny . cosy . sin?x + 

sinx . cosx . sin^} 

= 2{sinaj . cosx . (cos^ + sin^) - siny . cosy . (cos% + sin*a;)} 

== 2{8inx . cosx — siny . cosy} 

«= (sinx . 0060;+ cosos ..sinx) - (siny . cosy +cosy . siny) 

Bsin2x— sin2y. 



_s inui . cosB + cos^ . sinB 

"" COOii.COsJ? 

^ sin(^+B ) 
cos^. cosB* 



/«\ X X o sina sinjS 

(8) tai.a-tan^=— -^ 

_ sing . cosg - cosa . sinff 
cosa . cos/3 

_ sin(a - g) 
cosa.cos/S' 



\ 
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EiAMPWB— XXVTIL ^ 88). 

*=rio(45"-30*) 
^aii4a' , MsStr - CO&45' . siuSO* 

1 J3_ 1 J_ 

"^' £ "^^^ 2 

^/3 I V3-1 

■=C«(45' + 30") 
= GC64S* . co»30*- aula' . sui30* 

1 JZ 1_ J_ 

^"^ "a V3 ' 2 

>°=.taa{45'+30') 
=dji(45'+30°)-^c<»(45'+30') 

V3+1 . ^^-l 
" VS * V2 

s^ + l (^/3+I)* 







^-1 


(V3- 


1)W3 + 1) 


(4) 


001T& 


=cob75'- 


8iii75* 








=co8(46° 


+30*)-^ 


ain(45° + 30 






-^' 


*^ 


V3-1 
V3 + 1 






(V3 


-1)" 


«-!,« 



(6) If ma = 

If8ill3 = 



-L . *^4.?>^ . i— VB+ya 
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(6) If cosa=— , 8ina=~-- 

o o 

(7) Iffiina = -5=^, coso=-^. 

1 1 

I^co8^=--^, sini3=-^; 

, . ^. V3 1 1 1 ^/3-l 
(8)Ifcosa = -05=l, sina = ^. 



If8ini3=l, cos^=-^; 



^ '^^ 30 2 ^ 30 2 60 



Examples— XXIX. (p. 88). 

(1) C08(90* + ^) = cos90^ cosul - sm90^ sin^ 

=0 . cos^ - 1 . m\A = - sin/4.. 

(2) sinClSO** +A)= sinl80^ cosul + cosl80^ sin^ 

=0 . C08-4 - 1 . sinJ. =a» - sini4. 

(3) cos(7r -vff)— cosTT . cos^ - sinTT . sin^ 

= - 1 . cos^ - . sin^= - cos^. 

(4) sin r g- + ^j ~^"^ q" * ^^^^ ■*" ^°^"q" ■ ®^^ 

= - 1 . cos^ + . sm^= - cos^. 
D 
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J 






■ l.o<».O..i„ ».— ^ 


I 


■ (») -(.t-)-g^- _°i°:i\'o".iL-^''°°-- 


1 


^H (7) 8in(aT-0)=6in2ff.co3(?-co32ff.amfl 




^H =O.C09d~I.Emd=-B:ild. 








^^H lr.\ ...nnnt iTl 1 1 I il 




■ (B)«c(lSO ») ,„(i80--«)- -l.t„« + 0..»« oa» '""• 






^H (10) coMCtiT H) gi^(^_^-^o.cosfl-(-l.Bmfl) 8ind '^*"'- 


^^1 ExAupi-BS— XXX. (p. 89). 


i 


^H (1) sind-coe0=O. 


J 


^^^V gin^.coe4C°-coB^.ain4fi° = 0; ^H 




^H .-. 8ln(d-4G°)c=o, .-. 0^45°=O°, 0Td=4I>: ^H 




^H Bind+1!0B9=>1 ^H 




■ .ta.,^+™..^^=^, H 




^H Bind. 00(40' + costf.sm46>--4i ^^k 
^^L .'. ElD(d + 46°)-Bm46°; ^H 
^^^^^^_ .-. + 4S°-4S*, or, d-^O*. ^H 
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(3) 8iii^-cos^=^^ 

,\ siii(^-45*')=sin60'; 



(4) sm^ + cos^= 



V3 + 1 



2 

8in(^ + 45")=sm75*, whence ^=30', or, 
co8(^-45*)=i«co8l6°, whence ^=60^ or, 
008(45** - ^ =00815% whence ^= - 30% 

(6) 8in^ + cos^=V2 

8in(^ + 45'')=sm90**, or, ^=45% 

(6) 8in^-cos^=:J^-^ 

^ ' 2 

sin^.45-C08^~=,J!^-l 

V2 V2 2V2 

8in(d - 46*) = sinl5% whence B = 60*. 



Examples— XXXI. (p. 92). 
(1) 8m6-4 + 8m4^=28in?^4M.co6?^^=2 8in5^.cosJ, 

(2> 8in6^ - 8in3^ = 2oo8 ^^^^^ . sin^AzM = 2 co84^ . sini. 

(3) 0087^ + C089^=2C08^^±^ . 008^^9^ = 20088^ . costf. 

(4) C08^-C085tf=2sm^±5^.sin5^=2sm3tf.8in2A 



r 
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1 " 


sina + Bm4o= 


..^"-±-.c 


..i=f--.2.4".c„f. 


^P 


..5„- 


oob8o= 


a^in^-' + Sa 


.i.«--»-.a.in'=:^..m^. 


^ P, 


2am5fl 


coa75 


=3111(5(9 + 7ff 


- sm(7fl - 5fl) =amI2d - BinSA 


(8) 


2siii3d 


Binafl 


= 0(ia(5fl-3tf 


- oos(5fl + 3fl) = cofl25 - coaStf. 


^H (9) 


Soosa 


coa4a 


= oos(a-t-4a) 


+ oos(4a-o)=oosBa + eos3a. ■ 


^H 


Scosa 


Eim2a 


=aLD(a4-2a) + sia(2a-a]fsin3a + Bi]ia. 1 


^1 (11) 






Mn4±l.c 




.„4ji^.. 




^B (12) 




»>b3^ 


2Bin2^.Bin^ sm2^ ^ „ , J 


^1 


am2J+ain^ 
coa2^ + coa^ 


»sb.y.» 


A . 3A 
^ 2 ^"^ S 3 J 


2C..M.. 


~I ^3i.'" a 








^2 "^2^ 


H (u) 


003(30 


-fl)- 


co.(30- + e). 


=2ain30°. am0=2 x -^'Biod-amA 


^1 


-(f 


+ fl) + 


„.(!-»)= 


2oo8^-ooa)J— 2« ■^■coafl=coafl. 


H (1°) 


""(1 


-)- 


..(.-.)= 


=~¥-"--^4-'-=-- 


H^ (17) 


Bina- 


i!*.! 


1 + 9 . 
2 ^' ' 


"-1 00.°+" 


,OBa g 


.0 + 3 . 

2 
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_ a + /3 . a — fl . a — Q 
. r. 2 cos— TT- • sin— ~ sin ^ a 

qqn sipg - sing ^ 2 2 _ ^ -4. "-^ 

' cos/S + coso^^ a + i3 a-iS" o-jS"" 2 

2 cos— o^ • COS——- cos— g^ • 

/,QX sin5^ + sin3^ _ 2 sin4^ . cos^ cos^ _ ^ 
^ ' cos3^-cos5^'"2 sin4^ . sin^'^smd"" 

^ 2 cos-^ • cos— ;jr- cos— 27^ sin-^ cot— ~- 
/2Q\ cosa + cosg 2 2 _^ 2 . 2 2 

cosfl-coso'"^ . + /3 . a-/3 . a + /3 * 0-/3""^ o-j3 
2 sin— ^ • sin— — - sm-^^ ^^"2 **^~2 



Examples— XXXIL (p. 93). 
(1) 



sino 



ino- co80=8ina-8in^-| -^j=2 cos-i-^a + l -/sYsin^^^^ 

<2) 

8mr-|- +aj + cosf-^ -aj =sinf -^ + a\ +8ma=2sinf-J + a J • cos^' 

(3) sina + cosa = sina + sin ( — - o ) = 2 sin— • cos( a - — ) • 

(4) sina-co8a=sina-sinf-|.-a) = 2cos-j-sin(a--jy 

(5) 8in30* + COS8O' = sinSO** + sinlO'' = 2 sin20^ coslO*. 

(6) sin20' - C0880'=8in20'' - sinl0*=2 cosl5'. sin5'. 

(7) 8m~ + co6-=sin- + sin-^ = 2sin- .COS— 

(8) 8Ul-_C08- = Sm--SU.-=2cO8^.8U,^. 
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Examples— XXXIir. (p. 96). 



+ taii|3 cuEa coS]3_ 



COta-taujS 



ma . tau^. 



A tann-Uiii3 _ coBa cosg 
■'oota + tan^ coan eip^ 



coa g - coa g 
, A + 1^ th^^ fj> + '^ ■ tp — ' 

I, 2 2 / _ BJn^ 



i 



2sui^ 





^^^ 






1 
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CB) Bm^=Bm{^-t(</.-i)i=Bm.f -coaC^-t) 


+ 0OB1J', 


da(*- 


'I'). 


(6) OM0=coBl(*++)-fl=coa(* 


-^V-).«»+ 


+ Bm(^4 


«..ii 


... 


(7) (coM+eM|3){l-ooB(a+|3))-(c 


oaa + cos3)( 


- cosccoap + sbttBinP) ] 


=C0sa + cos^ - cos°a.co9j3 - coBa.co 


a*|3 + aina.BJ 


a3.coBa+ 


sinaSL 


I1|3.M33 1 


-<»Sa{l-COs'3) + C08j3(l-COS»a) + Bina.Bb3. 


'M»a-fBiiia.Bia|9 


C0BJ3 i 


= (»Sa.Biii'|S + cos3.ain*a + smu.ai 


^.cosa + Bii 


a.ainiS.CM^ 


\ 
\ 


=aiiy3(oo8a .aiii3) + aiiQ{coaj3 . Bina 


+ Bina(3m;8 


0030) + s 


iii/3.(fl!na.coa3> 'j 


-Bin;9.(coBa.siii^ + 3ino. 003(3) + SL 


aaCooB^.aia 


.+smi3 


ooso) 


J 


-.■iii3.8m(a + P) +8iiw.siDCa + ^) 








J 


-{Bina+Bin3).sin(a+j3). 








1 


(8) 


^.„ 


^,, 


. a + 3 


wno+ainS aino + smfJ 


23k 




2 














lino _ sin^ sina - sin^ 


0+3 o 
n g cos 


±?..» 


a + 3 
2 


-a + 3 
Bin 2 


2coi 


._iS.. 


""^ 




^^ ..m"-^ ^^2 








^ 



^^^^^ 


~ 
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■ ao)»"/....-/=^J,.-^ 






^^ .i^'J^.iuf^ 


H i(„/i-o™.) -i(»^-».) "»*-°- 




■^ (11) a.!!i»-l.n«-^— ^ -^ 




^H ITTS — :n-a 




^M 




^1 "(°-^-^0 „., 2.,„S 




^g •-i(».. + o.fl) i(c»,,.».B) »•"-» 


^^1 fl£l *'''"'~"'*P ^ 2 3 -a 




^1 .... . «.# .Im oj...co.B-.ta...m9_ .«.(■ + « 




^B ^'■' ■■' '"" .ii,S CO.. cott.mS cii»..la# 


^1 ... . C0.8 .in0 o»». »..♦ + .&.«.,».(> «.(♦-«) 


d 


^K '"''"" """♦.ii.« ' CO.* .toS.co.^, .intf.co.* 
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fl6)tan'a-taa'^=- 


n'a 8m=;8 Bin'a . oos'S - cos"(. . ain^^ 




^B=a C08'3 Cos=c..coa=3 






_(_ 


ino . coaj9 + cosa . ain^) (aino . cos^ - coa 


...i.(i) 




coa'a.oo8^j3 






-- 






(16) 


+tana.tan5=l 


sma.BmjS co3n.(!os|3 + 8ina.Biii3 cos 




07) 


1 - tann . tiuiS 


, BiDa.aiii3 cosn.cosi9-sinQ.am3 


Coaa . co^ cuaa . cos^ 








C0a(a + |3} 
coan.coafi 


d 


as) 


t(ino + cotj3 Bi 


na sinjS cosn . cosjS + sisa . aiD|3 
«a+co.3 sina.ct^ 


i 


aa coa/J fliiia . sin^ + coaa . cos/S 

BO Biii|3 coSQ.Bin^ 






-J 


Bin*! Bio^y 




tl») 


taa*j:-ton»y 
l-tan'a.taii^y 


coa^a coaV Bin'i . cos^ - cos^ . 


sinV 


, Bin^.3m»y-ooB=a.oos^-6in%;. 


amV 






^ coa'^.coaV 






(siaE . cosj 








(ecas.coaj/ 


+ ainz . Bin^) (cobz . coa^ - siux . sin^) 






8b(i + y) . 








c«.C«-y). 






^) 


H)t(fl+4B°) = - 


.(»+4in """■is-'i'l'-Ja CC.8- 


Bintf 




li(fl + 45°) . , 1 a 1 6iufl4 






coafl , 




, 







d 



r^ 












^ 
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^P (!1) 


siin?+ 


OMfl = 


V2.(3M.;i 


™»-3) 


.V2..i. 


(«■+»). 


^H cos«- 


.i... 


»/2(coal.i- 


""'■;?2)- 


V..K 


^»)-. 


F 

(S3) 


tano- 
t*ao + 


taii3_ 


1 1 + 

1 

■ill ill 


Bg . Binj3 


..«.(.-« 
««(.+« 


^B m 


eote- 
ootii: + 


ooty 


coix coay 
aim Binv co 
COM eoay 00 


w.Biny-Binji.coa^ 


«»(»-i) 
.ii>(j+») 


w.Biny + Bin 


I. CM!/ 


^H 






EiDZ bId^ 








H 


C08(4 


-B) + 


8in(4+B)=co 
= 2 
-2 


(J-B) + co 
^s(45=-B) 


«.a(45°- 
Bm(45''+ 


--B) 
-«) 


^B 


C03(^ 


-B)- 


Biii(J + B)=Bi 
= 3 


Q(90''-J-!-£)-siii(J 
co3{45° + B).BiD(45°- 


+ B) 


^1 


CobU 


+ £) + 


flinU-B) = co 
-2 
■=2 


b(J+B)+c 
=OB(45'+B) 
co3(45°+B) 


b(90°-J 
co3(45'- 
Bm(45°4 


+B) 


^H 


coa(J 


+ B)^ 


= 2 


□03(45° -B).Bin(46''- 




^H 


^ 


008,3 


C0Ba + Cos3 
-(cos3 - cosa] 








■ 






...."^.. 
...^^. 






^^^ Bec72 


„„, 1 I cos36' 


-00872° 
.00836' 




L 






=^iSS^— -■• 


J 
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(31) (Bmer + Bm9°){am8r-flinl)°) 

= (2 8in46°. oos36°) . (2 cos45°. aiu36°J 



.J.-^.Bi»»4-.S.i.. 

=2 ain54°. coa54° 
■■aialOS'. 
, coe3° — C0333° 3 ainlS". Bial5° 



"^ 'sin3°+8m33° 2amie°.cosl5'' 

^^ ain33' + 8ia3° 2 8laI6'. _ cos1^° 
*^'(»a33' + coa3^"2«al8°.cosla-"''°""" 

_ , 0089° + 8Ui9° Hmai° + aiii9° 2Bm45°. C033G° 
P«)cos9'-aii.9' = aLii8r-am9^ = 2co945°.sm3r='»"9 =tan54'. 

00837° - ain27° aipBS' -Bin27° 2 cDa45°. a inlB' 
(36) 



' cos27° + Bin27'' Bm63° + 8Ui37' 2 sm45°. coalS" 



Q tanIiO°+col60°=taD50° + tan40° 

Bin50^aj340° + coa50°. Bin4()° _ 



t 

^^■S,, ScotJ toAA 2cos^ . ., 



oob5(J°. cos40^ i[cos90° + coal0°} 

J^ ?-=2^olO'. 

ExAKPLKB— XXXIV. (p, 100), 



Sio. J 
sin^ liiLJ ainA . ^ . 
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w 








l*n« + 


,„ Binfl ooafl Bui=5 + coa'fl 1 


2 2 
SBind.cosd sm2d 




s"' 






w 


1^.= 15^'=S'— —'"«•""»"'"«•• j 


(«) 


2cosec2^=^-j^^= 


^ ..^^ 


.secJ. 


2ainXcoBd "°^^ 




. Bin'fl 






o 


1- tailed cos=fl 
2 




sia"d=CQ32a 


.<») 


SsecSfl ^^ 

l + Beo3tf 1 

1 + S^ 


2 2 

cos2fl-f-l 2fOB^fl 


ec'A 


(9) 


1 - tan J oos^ - ain^ cos^^ - m^A 


-2sin»^ 


i+taojl cosJ + siiLil (coa^ + Bui-i)' 


1 -I- sin2 J * 


(10) 


catfl-2catM=^^ 


2 00825 eosfl coa2fl 1 




<»s'fl-C0B2fl 

sm<9 . cosd 


C03'5-2cOB*fl+l 


^=Sa=-- 


Bind coad 


(11) 


,-e«a 2-'f 


!i!t-t„ ". 


j 


-" 2.in|-.c« 


*2" "°^2 


(IS) 


2V{oosec»qb-l) 2. 


ec*0 sin* 


2!uii*.cos*="aio2^. 1 


(13) 


-8ec-> 2 COB-* 


= C032*. 


-^ 
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{!■*) 



8cot.i^ 2 COB j. . siD0 sina-j ) 



oop^ - 1 cos'0 

('«v/(S£')V(- 



M^(^St')-\/(- 






1 + C032S 2 cos's 

(18) ««»i+=»«2»i— S2S -jiajTi^-"-* 

, tMi46° + tan^ I + tanji cos J + ainJ. 

I|tl9)tanC« +-^)°i-tim45°. taniL^n:toH2-^^4^:ib;4 
■ ^ cos-^-BinM ^ cqb2^ 

I (coB-1 — aiiLA)' 1 -8in24 

I 1 _ l + tan^ 

(BO) cotClB -■^)~tap(45°-^)~ taD46°- tli^ ~JTu^ 
1 + tan45°. taiLd 






.i(„..|-+l-2o..f).-l(oolf^l)". 
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^ 



-ZJ*Z 



2 rosfl. cos— ■ Eiii-s- + ein^ cosfl. smd+ sinfl 



infl(cosfl+ 1) sinfl.2 



, l -taii^(45°-^) _ C03*(45°-^)-Bin'(45°- J) 

^ /"■ fl\ ^ /t o\ 1 + tanfl 1-tanfl 
I + 2 tanfl + tan'e- 1-1-2 tanfl- tan'i? 



4 tuna _ Sttmfl 
2-H2tja]i'd~l+taii'fl° 



2 t4infl -t tan^fl 



Examples— XXXV. (p. 103). 

, C033g - sinSfl ^ 4 cos'fl - 3 eoEg - 3 sing -h 4 ein'tf 
Hintf + cosd ~ sinfl-Hccsfl 

_ 4(3in^g-HM5^e)-3(6ing-t-ccg^ 

sinfl-Hoosfi 
- 4(siii=tf - sinff . cobA -I- coa'^ - 3 
^ 1 - 4 sinff . cosfl=l - 2 ainStf. 
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,. Stanfl+aecfl 2taD3+3ecfl 



- = 2tanAc03^d + cosfl=aiii2d 



... cotA tll,^:^ 

' '.cot^ - cotaA taiLd-tan33 




3 tan'J 1-3 tan'^^ - 3 + tan=4 



2(1 + \as^A) -2(l + tanM) 
3-t*nM-l + 3tan'ji 3 + 2tanM 



(5) C0s4d + cos4B=2 0082(4 +-B) . ooB2(.i - J) 



(6) tao(46° + fl}'-tan(45'-^. 



l + tanfl l-tatig _ 4tniifl 
' 1 - tan* 1 + tanfl" 1 - tan'if 



cobA 4 ainfl . coad 2 3iii2 fl 2sin'2fl 



, erase cosSfl 









H ''> 


A-^r TO ELEMENTAXY TMIUONOMETRY. 


H ^ 




^i^ 




ooa^fl.sm^tf cos^fl.sin^fl 4coB2d.Bin"fl ain'Sfl 




9 0082fl 8coB2fl 




H (a) 

^H iBiitA.cati2A=2!imAil-2sw*A)=Z^A-ism'A 


=UD3^-aiiLi. 


H 19) 


KisnJ-cos(-> + 2)^ Ssin(« + 1)^ smJ .._,_ 


I)^. 


m(m+2)J-ain,.^-2coB(»+l)J.8Uui '^^f" 


^1 (1°) 

^H «M9J+3oo87^+3cofl6J+coa3J=co39J+cos3^ + 3fco37J+c08521 




=2cos6^.coa3.'' + 6ciJs64.cos4 | 




= 2C036J(0OT3A-r3 

.=2cos6d.4ooBM = 


cosU.coaej, 


^1 (11) 


«wee2jl - oot2^ 1-cosaJ SainM ,, 




^H (IS) 


1-^ .in4^cos4-2«i.4.««4 (co4 


-4)" , 


^*^^ l + 2c«,»4-l 2c«4 J 






^ 


"H c4 J ^^' "^^ 


^F(13) 


«o83J-2coa^ . 4coB=J-3cos^-2oos^ 




siii3^ + 23iiLJ 3siiLa-43mM + 28iiL4 




4coH=J-3-2 2(2coa"J-l)-3 


2cob2^-3 


3-4BmU + 2 2(l-2sinM)t3 


2COB2A + 3 
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(14) tan(46--^) + tan(46« + ^)=l^+i±^ 

^ 2(l+tanU) ^ %m?A ?— =2sec2^ 

1— tan^J. (cos^ J. - 8m*^)sec2 J. cos*-4-sm*J. 

. a 

a ™¥ 

(15) cos2a + tan-^in2a=cos2a + — — • 2 sino . cosa 

ia a 

cosy 
e= cos2a + 4 sin*—- . coso = 2 cos^a -1 + 4 sin^-^- • cosa 



/cosa + 2siii2-|^^-l = : 

2 . Sin^-rr • COS-:r 



= 2ooso{cosa + 2siii*-^l -l = 2coso. l-l = 2cosa-l 



= coso + cosa - 1 = cosa - 2 sin*-^ = cosa - 



2 "2 



2 a 

cos- 



X a 

icosa — tan—- • sina. 



(\K\ ^A tn. a^_ <^Qs*J. — sm*J ._( cos*J. + 8m'ui)(cos*J.-sin"^) 
^ ' "~coSZTwS3.~" cos'J. . sin^ji 

coa'^ -tsin'-ii _ 4(cosM - sin* J.) _ 4 cos2 J. _ ^ .g,. ^. 

cos^^ . Sin* J. 4 cos*j1 . sin^jl 8m*2 J. 



,.^. . . cosa sina cos^a-sin^a 

(17) co8eca.coto-8eca.tana= -;-s ^^s-^-. 5- 

^ ' sm*a cos^a sin^a . cos^a 

4(cos'a - sin^a) 4(cos^a - sin^a) . 9« / « • • v 

-» .-^— a 8 ^-^ :-5s ^=4cosec*2a. (cos^a - sin'o). 

4 sm*a . cos'^a 8m^2a ^ ' 



/,«x ^« X 9 cos*a-sm*a 4(cos*a - sm*a) 4cos2a 

(18) cot*a-tan*a= — s ;-5— =--^ s ^-5-= . go * 

^ ^ cos^a . sin^a 4 cos^a . sin^a 8in^2a 



nQ\ j»uxn*h- M^h ^ 1 _ c os*6 •- 8in*6 _ 4(cos*6 - sin*6) 
^ ^ ""sin^ft cos*6~" sin*6 . co8^6 "" 4 sin*6 . cos*6 

" . qoi =4cos26 . cosec*26. 

£ 
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B cnaecS^ - seed 2 - moA . Bia 3J _ 3- 2 sin -J _ 1— ai a^ 
' 2oosec2^ + secJ. 2 + aPcJ .am2J.~2 + 2aiiiJ l + sinJ 

flin^*^-^ + rjifl* ^Bin — - mil 



= 2coa2ir.coB0=2co32jr.ain/-^ -flj 

^ BJn'a - coa'd ^ cQB^fl - 8in*fl ^ 2 . co82fl ^ ^ 
- coad . ain^ sind . cosd Bm20 

,„„, (coaeca + Beca) \sma ■ cosa/ , -„.\!_i ,!.=;,. -~,.. 



— oos'fl-Hiii'tf=co92A 



, tAn2fl ■ tang 1 - tnn-^ ' 

'' taiiafl-taufl" 2tantf 

1 - tan's ~ 



=2sinfl. cos5=sin2A 





j 
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, , ,m«.-.ta'fl «.(,*«)., m(.-/i) 




MJW C03a-Bin3.C0a3 flina . cosa - einp . eosjS 1 




(Ex. iin,. 1.) 




2.ii)(. + S)..m(a-ffl 2.m(.+S).,»(a-|S) ! 




2 BUia . coBo — 2 sin^ . C0S|3 emSa — emSd 




S.in(. + S).on(.-S) .._, , „ 1 




(27)4suLi.siii(6O° + J).Bin{6O=-J) = 4BiiLi,(am'60"-amM). 




(El. iim,. 1.) ! 




-4smj[.|--siDM) = 3amJ-4Biii=^=Biii3J. i 




M "•«*''+'»"»+"-«-sis+SS*M 




SC0B2fl + coa4fl + l 2co32fl + 2ooa^fl l + cos2fl 




2 8iB2fl.cos2fl 2Biii2^.ooa2fl "■ ainSfl 




2 oos'tf cobS 




% (1) Mn2fl+V3.cos2fl=l, 




V3.coB2a=l-Bm25, 




3 . C0B'2d= 1 - 2 sm2fl + siii'2S, 




3 - 3 8in=2fl= 1 - 2 3iii2d + 8in^25. 




Sohiag this quadratip, we obtain ain2d= - 1, or, 1 ; 




.-. 2fl=-30°, or, 90°; 




.-. fl= - 15°, or, 4S". 




(2) Bin'2fl-8in'fl = Bin»^, 




4Bin'a.co3'fl-Bm=(9=l-, 




4ein'd-4sin*fl-ain^=-2* 




Solving thia quadmtic, we oltain sin'fl^ ^, or, ^ ; 




■■■"-^.".^ 




.-, fl=45°, or, 30". 


- 
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BinSx . coH3x=Ein9x . cos7x ; 
*. aiii6x4-siii2x~:sml6x + siu22 ; 

sm8x=2siii8x. cobSx. 
Hence Hm8j;=0, or, 2coa83: = l, 
Bin8z=0, or, cos63;=~ ; 



a;-0*,or,8a= 






(4) 2sm'3fl + siii=6fl=2, 

8m'Ge=2(l-sm'3fl), 
4 sin^fl . co8%e=2 c03=3S, 
2 sm3fl . coa3fl .= ^/2 oos3A 

Hence ooa3fl=0, or, sin3fl=-^ ; 
.*, M = 90°, or, 3fl=46'; 
.-. fl=30°,or, 15°. 



(5) (»b2 J + BJn* J = 



Hence J = 3C 



(6) cos3fl-cos5e=BmS, 
2am45.amd:-ainfl. 
Hence Binfl=0, o 



, and .". EitiJ = ± — 
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(7) sinSd - cos3d = sin^, 

8in5d - 8ind=cos3d, 
2 cos3d . sm2^=cosd^. 

Hence cos3^=0, or, sin2d=-2- ; 

.-. 3^=90% or, 2^=30% 
.-. ^=30% or, ^=16'. 

(8) tan2a=3tana, 
2 tana ^ . 

Hence tanasQ, and .*. asO"", 

or, 2=3-3tan2o, 

1 1 

tan'o=-^, or, tano=-TK, or, a»30% 



(9) 8in2^ + sind=cos2d + cos^, 
2 sin-g • coe-g =2 cosy • cos-x-- 

S B 

/. cos-5-=0, or, Y =^^ ^^y ^=180'; 

, 3a w . 3^ _ 3a ^^3 ^ _-- 

or, Bm-g^cos-g , or, tan-^-™!, or, ^=46', or, d=30'. 



(10) 8in7a - sina = sin3a, 

2 cos4a . sm3a=sin3a. 

Hence 8in3o=0, or, 3a = 0*, or, aa» 0® ) 

or, 3a=180*, or, a=60M' 
or, 2co84aBsl, or, 4a = 60*, or, a =16*. 

(11) co8ec^d-sec*d=2co8ec*d-s-3, 

£2!?5!^-sec*d, or, cos^d^Ssin^^; 

«5 

••. 48in*d=»l, or, Bind^-g >*°^ •'• ^=30'. 
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(12) sinSfl = Bm4fl - sinSfl, 

uii6d+8iD2d=ain4d, 
Ssm4i?.coB2d^siii4A 
Hence sin4fl=0, or, 4fl=0' 

or, 2coa2fl=l, or, coa25 = 



or, fl=0°, 



EsiMPL&B— XXXVI. (p. 106). 



1. (1) 8m36° = 2BinlB°.cosl8°=2 



V6-1 _3/(10 + V5) 



^Sj/ifO-e^) >/(^Q-2^/5) _ 



(2) ci»36° = l-2Biii*18°=l-2.N^-^] =1 



(4) C0854° = Bin36°=^ 



(6) ■m72°=coal8''=VCl-8m'18°) = 



(7) anD0'=siii(18*+72°)=aiiil8°. oos72" + coslB". Bm72 
=siiil8°. ainl8° + Msl8°. coslS" 



6-2^/5 + 10 + V6_ie_, 



) 1!ob90''==C03{18° + 72°)=co3l8°. cos72° -ainl8°. ain72' 

=ooal8°. ooa72° - ooa72°. i!osie*=0. 
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2. 8m(36'* + u4) + sm(72' -A)- sm(36" -A)- 8m(72° + A) 
= {8in(36° + u4) - sin(36' - A)) - {sm(72'' + u4) - sin(72'' - -4)} 
= 2 coB36^ sin-l - 2 cos72°. sinJl 

=8m-4{2coB36"-2cos72°}=siiL4 | ^^^'^^^ \ =sm-4. 

Also, 

{8m(54' + u4) + sm(54' - -4)} - {sinClS" + u4) + sin(18' - A)} 
= 2 sin54^ coaA - 2 sinlS". cosA 

=coB-4{2sm54"-2sinl8°}=cosu4 | ^"y^-^^^^ | =cos^. 



EXAMPLBS—XXXVII (p. 1 10). 

1* 

(1) At7-o- the cosine is greater than the sine, and both are positive ; 

/. cos-g-+ s^^'o^' + Vl +8injdL, 
. A 



cos-Q- - sin-^= + ^l -sin^dL. 

(2) At 150* the cosine (negative) is greater, than the sine (positive) ; 

.*. C0S-5- + sin— = - mJI + siaAy 



. A 



cos-^ - sin-o-= - Vl -sinJ.. 



(3) C0B189' + sinl89' = - Vl + sin378^ 



C08189' - sinl89' = - >/l - sin378" ; 

" 2 ' ( 2 2 5 
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= i I V5^V5- V3 + J5 j ■ 

2 aiD9°. 44'. 30"=>/l +-i- - y 1 - -J 

/4 /2^3-V3. 
V 3 V 3 V3 ' 



2-V2 

" as/3 ■ 



57'.30'=.-^i± 

V— 4 2 






Ejumflbs— XXXVIII. (p. Tii). 
fiin^ = -— and sinB=-j-, 



cobjIm— Bsd cosfl— -3 



n ■*■ B ' B "^eii"^' 



tanSB- 



H-i)4 



_^ taa.A + tasZB _ 7 4 
"l -Un J , t!in2B''^ I 3 ' 
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(3) Let siiL4= i- and cotB=3. 
Then tan^ =4 ^^^ taaB=4- » 



.-. tan(^+jB)=^— ^=1 ; 

2 3 

that is sin-i-ir + cot-i3=45'. 

V5 



(4) Let A, Bj C, D be the four angles whose tangents are 

1 Jl J_ JL 
T' 6' 7' 8* 

Then im{(A+E) + (C+D)} 

^ tan(ui+.B) + tan((7+.D) 

" 1 - tan(^ + JB) . tan(0+ i>) 




15 



3 1 

(5) Let cot-4 =-7- and cotB «-» •=- # 

4 
Then tan^ =-5- and tanJB— 7 ; 

i.+7 

.•.tMi(^+J5)-i— ---1; 

/. -4 + J5-135^, or, cofiA + 00^14— 135'. 

4 7 





^^ 


^H 74 A'£ r TO ELEMENTAR V TRIG ONOME TR Y. | 


^H (G) LettkiLi— g-andtiMLS^y. 








^v 




^V .•.cotU+E)-|,or,^+£.„t-'g. 




^^P (7) Lettmi^zandtanB^y. 


^ 


^H Tl„.to(J-J!)-I^, 


■ 


^^^B .-. tan"'a:-tan"'^=tan-'j^^lJ' . 


■ 


^H (8) LetsinJ=eanilcoa£=x. 




^H Then cosJ=Vl-a2 and 8iiiB=\'r^! 




^H .■.8iii[j +£)=!. i+Vi^^.vr^ 




^H =x> + l-x'^l; 




^^1 .'. J + £=90°, or, am-ta: + cos-'z=^90'. 




^1 (9) Letam^=|, BinB^^, smO=g; 








^H Then am(^ + B + = Bm(J +S) . co3(7 + cos(^ + B) . sinC 




^^1 = (ain J . ccsfi + oob^ . a!iiB)gg + (cos^ . cos£ - fasiA . 


. „18 

'°^)6-5 


^H ^4 IS 3 R\ G3 /3 12 4 6\16 
^M '^{t'u 5'iz)'e5'^\5'l3 5 '13^65 






^H 63 63 16 16 4226 
^H 65 '65 65 '65 4225 ' 




■ ^ ■•■ ^^B^cm-, .,, .^-|+.in-i«i.-.l|.5 


^ 
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(10) 



Lettaii-4=-z-, and tan B^-zr;rT - 

Then tan(4^ - B) =-*^5Mzt?5^ 
'^ ^ 1 + tan4il . tan5 



120_ 1 
119 I39 



1 + 



120 



=1; 



119 239 



.-. 4^-B=45^ or, 4tan-ii-tan-i5^= 



Examples — XXXIX. (p. 120). 



(1) 31661553 
47505855 
6-6879746 
2-6150026 



(2) 4-6843785 
5-6650657 
3-8905196 
3-4675284 





1-2187180 




7-7074922 


(4) 


2*483269 


(5) 


2-352678 




3-742891 




5-428619 




4-740378 




2-924059 


(7) 


2-4596721 


(8) 


7-429683 




3 




6 



(3) 2-5324716 

3-6650657 

6-8905196 

•3156215 

2-4036784 



(6) 5-349162 
3-624329 



5-3790163 



40-578098 



3*724833 



(9) 9-2843617 

7 

62-9905319 



(10) 3 I 6-3725409 (11) 6 | 14-432962 (12) 9 | 4-53627188 
a-1241803 3-738827 1*61514132 



^f 76 KEY TO ELEMENTARY TRIGONOMETRY. , 


^H ExAuPLBS—XL (p. 123). 


^H ' 1. Iogl28 = log2' = 7lo82 = 2-1072100 


^1 Iogl25=bg'-^ = loElOOO-log8=3-log2' 


^H =3-3 Iog2=3- -00309000 = 30969100 


^H lc.g2500=ioB^^=IoglOOOO-log4=4-21og2 


^H -4 - ■6020600=3'3979400. 


^^^ 2. lcigOO=log^=loglOO-log2=2--3OlO3OO"l'09897OO 


^H log -OOS-log j^=log 10-log 2- 3= -log 2- 2=3 6989700 


^H logl96-log(49x4)-21og7 + 2log2 = 2-29225BO. 


^^1 3. Iog6=log3+lag2='7781513 


^H log27=3 log 3=1-4313639 


^H Iog54=bg(27x2)=3iog3+log2=l-7323939 


^H.. log 576=log (9 X 64)"21og3 + 6 log2 = 2-7604226. 


^^1 4. log60=lDg(2x3xlO) = log3-l-log3-i'loglO = l'7781513 


^H log-03-logj3^=log3-2=-4771213-S-'S-477I213 


^P logl-0G-IogJ^-bgg=bg3+log7-log2-l=-02118fl3 


^1 log-O000432=l0gi?^=4Iog2 + 3Iog3-7-5'635483fl 


^H 6. Iog-00075-log7!5-6-log3+log25-6-log(^)*-Hog25-5 


^H -Ijlogl8-log2}+logl00-log4-0 J 


^^1 -i-j l-2552726--301030a[ +2--6020600-S 1 


^^B ='4771213--SO206O0-3=4-8750ei3. ^^^| 
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Log31'6=log(21x3x5)-l=log21 + log3 + l-log2-l 
=log 21 + -o-flog 18 - log 2 j - log 2 
-1-3222193 + -4771212 - -3010300= 1-4983105. 



6. log 2 = log y = 1 - log 5 = -3010300. 

2^ 
log-064=logj^=61og2-3=6-61og5-3 = 2-8061800 

Iog{5^}"=j^(601og2-201og5) 

-y (30-301og5 - 101og5 j =y(30 - 27-958800o) 
0412000^^= -2916000. 



=y^2-0412000)=- 



7. log 5 = log ^ = 1 - -3010300 = '6989700, 

log •125=log ^-^=3log5- 3 = 2-0969100-3=l-0969100 

^p)^=l^g^^-l^g2^=log5«-log2« 

= 6 log 5 - ylog 2= 6(log 10 - log 2) - |-Iog 2 
- 4-1938200 - -8027467 = 3*3910733. 

8. -Ol-r^^ri-lO-O 

l=alO» i •*- *^® logarithms axe - 2, 0, 2 ; 

100=10* J 

•01 =(-01)1 

the logarithms are 1, 0, - 1. 



1=(-01)« ( . 

0=:^=(.01)-j- 



100- .Q, 
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'. 1593 ia greater thou 10' and less than 10* ; oharaoteriBtie 3. 
1E93 is greater tlrnu 12^ and less than 13* ; chsntcteristic Z. 



Hence j/=—- and 3:=-y- 



1 



11. (a)kg2=-|-log4= 

log25=loglOO-log4=2--(] 
logB3-2^log(B0xl-04) =— log4 + loglO + logl-04 
= ■9030900 + 1 + -0170333 = 1-9201233 
log (-62C)^ = ^J^,j log ess-log lOOoj =jLJ21og25- 

"i^i^'''8^™-2^»8*^3|=ji^J4-r204120( 
= - ■0020412=7-9979588. 

(ft) log (l-04)«*»=6000Iog 1-04=6000 X -0170333 

"102-1998000; /. numlier of digits U 



12. (o) Iog6 = ylog35 = -6989700 
lng4 = 2-log25 
Iog51-6=log5 + logl0'3=.- 

iog(-oe4)5« 



1-0128372=1-7118073 
log64-log 1000 I = ji^ j 31og4- 3 } 

--0119382 = 1-9880618. 



= 600 X -0129373 

.'. number of digits is 8. 
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13. log 7623=log (9 x 121 x 7)=2 log 3 + 2 log 11 +log 7 

= -9542426 + 2*0827854 + •8450980=3-8821260 

77 
Iog2^=log7 + logll-log3-logl00 

=•8460980 + 1-0413927 - -4771213 - 2= 1-4093694 

log539=log3-logll-2log7 

= •4771213 - 10413927 - 1 6901960 =3-7466326. 

14. (1) »log4096=log8-a;log64 

4a; log 8=log 8 - 2x log 8 

4a5=l-2x; 6x=l ; «=-5-« 



« 

(2) (2-6)* =6-25 =(2-6)2; .^ ^^^ 

(3) {^^f^in, ; X log (oft) = log «i ; 

logm 
log a + log 6 

(4) a(m log a + 2 log &) =k)g « ; 



.-. X- 



m log a + 2 log 6 



(6) 3a;loga + (4-a;)log6=(2a;-l)logc 

x(3logja-log&-21ogc)= -41og6— logc; 
4 log 6 + log 



.-. x« 



2 log c + log 6 - 3 log a 



(6) «(loga + mlog6)=logc-3a;loj?o 

a;(log a + m log & + 3 log c)=log c ; 

logg 



X — 



log a + m log 6 + 3 log c 



So KEY TO ELEMENTARY TRIGONOMETRY. 



Examples — XLI. (p. 127), 

.) log52603O=5-72O184X 

log 525020=5-7201758 

Difference for 10- "0000083 

'. 10 : = -0000083 ; what we must add ; 

.-. we must add -0000041 ; 

.-. log 52502-5=47201799. 

1) log 300430 = 5-4777433 

log 300420-5-4777288 

Difference for 10= "0000145 

■. 10:5=-0000145 r what wemustadd; 

.-. we must add 0000072 j 

.-. log 300-425=2'4777360. 



3) log 32026000- 7-5O50O27 

log 32025000 =7-5054891 

Difference for 1000= -00O0I36 

1000 : 613=-0000136 : what we must add ; 

.-, we must add -0000083 ; 

.'. log 32-025613- 1-5054874. 



(4) log2366:0=5-3740331 

log 236600 = 5-3740147 

Difference for 10= -0000184 

.-. 10:1=-0000184: what we must add; 

.-. we must add -0000018 ; 

.-. Iog236-601 = 2-3740165. 



KMY TO ELEMENTARY TRIGONOMETRY. 

(5) lDg07flO3O = 5-8293231 

log 675030 = 5-8393166 

Difference for 10= "0000065 

.-. 10 : 1 = 0000065 : what we must add ; 

■. we muBt add '0000007 (see end of Act. 1G2) ; 

.-. Iog67-5021=1-8293173. 

Iog7333600=fl'86B3172 

log 7333500 = 6-8653113 

Difference for 100= 0000059 

.-. 100 : 33= '0000059 : what we must add ; 

.-. we must add -0000019 ; 
.-. log -0 



log 6593100=6-8190897 
Difference for 100= -0000065 
.-. l00:71 = -OOOOO65:whfltweniTiBtadd; 
.-, we must add -0000046 j 
,-. Iog-00000e593171='6'8190943. 

(8) log 340780=5-5324741 
log 340770=5-5334614 

Difference for 10= -0000127 
.•. 10:8=-0000127 ; what we mnst add ; 
.-. WB mnet add -0000102 ; 
.-. log 3407-78=3-5324716. 

(9) log390980=5-6S21545 
log 390970=5-5921434 

Difference for 10= -0000111 
.-. 10:4=-0000111 :what we must add; 
.-. we muat add -0000044 ; 
.-. log 390974 = 5-5921478. 



KEY TO ELEMENTARY TRIGONOMETRY. 

(10) log 2582000 = 6-4110563 

Jog2581900=6'411B394 

Difference for 100= "0000168 

■■. 100 : 28 : = ■ 0000168 : what we miial add ; 

.-. we must add '0000044 ; 

.'. log 2-58 1926= -41 19438. 



ExAHFLBH — XLII. (p. 129). 

logl2965-4'1124374 

Iogl2SS4 = 4'llS«}3» 

Difference for 1= -0000335 

. -0000335: -0000271 = 1 :what baa to be addtdj 

.-. we mnat add -8 ; 

.'. 4-112431 13 the logarithm of 12954-8. 



log 46246=4-6650743 
log 46245 = 4-6650648 
Difference for 1= "0000094 
-. -0000094: -0000009 = 1 :whathaa to be added; 

,-. we must add ■01»57 . . ,, or, oye ; 
.■. 3-6a50fl67 18 the logarithm of 4624-5096. 



log 34573=4-5387371 

log 34672 =4-6367845 

Differenoe for 1 = -0000126 

-. -0000120:0000114 = 1; what we QiMt add ; 

.-. we must add -9047 . . ., or, -91 ; 

.-. 2-6387359 is the logarithm of 345-7291, 
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w 


log 39376=4-8952316 
loe39375 = 4-6953206 


Difference for 1= -0000110 
■0000110 : -0000076= 1 : what we must add ; 

.-. ve must add -69 ; 
.■. 6-5952282 is the logarithm of 3937561). 


m 


log 37160=4-5700757 
log 37159=4-5700640 




Difference for 1= -0000117 
■0000117 ; -0000062=1 : what we moat adJ ; 

.-. we muflt add -529, or, -53 ; 
.-- 3-5700702 is the logarithoi of 3715-953. 


m 


bg9B462 = 4-9843563 . 
log96461 = 4-9643518 




Difference for 1= -0000045 
-0000045: -0000024=1: what we must add ; 

.-. we muHt add '5J ; 
-. 3-9843S42 is the logarithm of '009646163. 


[^) 


log 25720=4-4103723 
log 25725 =.4-4103554 




Difference fo(l= -0000169 
■0000169 : -0000160-1 : what miiat be added ; 

.-. WB must add -982 ; 
"■4103720 U the logarithm of 00000025725982. 


W 


%60I9G=4-7795eo4 
log 60195=4-7795532 


^ 


■000007S: -0000029 = 1: what muat he added 

.-. we mnst add -4027, or, -403 ; 
■. 2-7795561 in the logarithm of 601-95403. 
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m 


log 10906=4-0376655 




log 10905=4-0376257 „ ^ 




Difference for 1= -0000393 m^^ 


.-. -0000398;-0000114=1: whatmutitbeadded; ^^B 




.: we must add -286 ; ^^^ 




. 3-0376371 is the logarithm of 1090-5286. ' 

j 


(10) 


1 
log26202 = 4-4183344 1 




log 20201 =4-4183178 




Difference for 1= '0000165 




0000165: -0000135=1: -what must be added ; 




.-. we must add -818 ; 


^ 


•. a-4183314 is the logariUua of 262-01818. 


■ 






ExAUFLBa— XLIII. (p. 132). ^^^1 


0) 


aiu42°. I6'=-67SS821 ^^H 




Bm42M5'= -6723668 ^" 




Difference for 1'= '0002153 




■. G0":16"=-0002153:wbatwemufltflrfj; 


^^ 


.-. WB must add -0000574 ; 


■ 


.% Bin42M5'. 16'= -6724242. 


w . 


Bin72Me' = -9623958 




sin72M4'- -0523071 


1 


Difference for l'=-0000887 
.'. 60": 6" =='0000887 .- what we must add; 


1 


1 


.'. we must add "0000083 ; 


k 


■■. flin72'. 14'. 6"= -9523159. 
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(3) 


am54'.36' = -8151278 




Bm54°.35'=-8149693 \ 




Difference for l'=-000I685 A 




. 6a':40'=-0001685;wliatwemnsta(W; 1 




.'. we mnst add '0001263 ; ^^J 




.'. am64°.35'.45''='S1508&6. ' ^^^H 


(4) 


Bm87°. £7' = -9990008 ^^^H 




Bm87°. 26'-^ '9989968 ^^^H 




Difference for l'=-OD00130 ^^^| 




60* ;16'=-0000130 : what we mnat odA; ^^H 




.-. we must add -0000032 ; ^^^H 




.'. GiD87°.36'.15"='9990O0O. ^^^H 




sii.43''. 15' - ■6851830 ^^H 


^L 


Bin43M 4'= -6849711 


^H 


Difference for l'=-0003119 


^^B 


. 60':20'=-0002119 : what we must odd; 


^^1 


.-. we rauat add -0000706 ; 


^1 


,-. Biii43''.14'.20"=-6850417. 


^m {6} 


w>a41M3'= -7522233 


^H 


coa4lM4'= -7520316 


^H 


Difference for l' = -0001917 


^^ft 


60": 26'--0001917 : what we mnet iu&jraet; 


^^1 


.-. we muat Bubtract -0OO083O ; 


^H 


.-. coa4lM3'. S6"=-7521403. 


■ 0) 


tanl°. 23'= 0241484 




taal". 22'- ■0238573 


^^H 


Difference for l'=00029n 


^^H 


•. 60':30'=-0002911 : what we muat otM; 


^^^L 


.-. we must add ■0001456 ; 


b 


.-. tanr,22'.30" = -0240028. 



I 

^B 86 KEY TO ELEMENTARY TRIGONOMETRY. 


^1 m 


cot35°.6'=l'4228561 


^^L 


cot35°.r=l-42197e6 


^H 


Difference for 1'= -0008795 


^■^ .-. 60- 


: 23°=. ■0008795 : what we must aubtraet ; 




.'. we must aubtract -0003371 ; 


^■r 


.-. oot35°.6'.23'=l-422819a 


^^« 


Bm67°. 23'= -8230984 




Bin67°. 22' =-9229865 


^^k 


Difference for l'=-0001119 


^^1 .-. 6O";48"-6=-0OOU19: what we must flrfJ; 1 


■ 


.-. we muat add -0000904 ; 


■ 


.-. sin67°.22'.48"-5 = -9230769. 


^^ (1°) 


coa34M2'= -8270808 




C0334M 3'- -8289170 


^H 




^^^ .-.so- 


19"-6= -0001636 r what we must (wtfraef; 




.'. we must aubtract -0000534 ; 


■ 


.-. ooB34Ma'.19''-6= -8270272. 


■ 


EsAMPLES— XLiV. (p. 135). 


^r " 


Bin48°.47'=-7622233 




8in48°.46'--7620316 


^V 


Differenoe far l'=-O001917 ' 


^H .-. -0001917 


■00010&4=60': what we must odd to 48°. 46' ; 


^H 


.-. we must add 34' ; 


L 


.■. tha angle is 48°. 46'. 34'. 
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^H 


cob3°. 33'= ■9990098 




cosa". 34' = -0989968 J 




Difference for l'=-0000130 1 


^H .'. -0000130 


: -0000098=60" ; wliat we must add to 2° 33' ; J 




.-. we must, add 45" ; ^^J 




.-. the ODgle is 2°. 33'. 45". ^^^| 


^H (3) 


6ia43°. I5'=-6851830 ^^H 




Bina". 14' = -684971l \ 




Difference for l'=-0002119 J 


^H .-. 0002119: 


; -0000288 = 60": what we must add to 43M4' ; ^^J 




.-. we must &dd S'-IS ^^^H 




/. the angle is 43°. 14'. 8'''18. ^^H 


^H 


00932°. 31'= '8432351 ^^^| 




cob32°. 32'= '8430787 ^^^H 




Difference for 1'= 0001564 ^^^| 


^H .-. -0001504: 


;-0000351 = 60": what we must add to 33°. 31' ; ^^^ 


^^1 .'. we must add 13'''46, or, approxiiiia.telj, 1S"'5 i | 




.-. the angle is 32°. 31'. 13"-5. J 


^H (a) 


ain24°. 12' = -4099230 ^^^H 




aiu24°.ll'=--4096577 ^^^1 




Difference forl'='0002653 ^^^H 


^^1 .-. -0002G5;j 


: 0000982 = 60" : what we must add to 24'. 11'; 1 




.-. we must odd 22"-2 ; J 




.■. the unfile is 24°. ll'.22'-2. J 


^H (6) 


sec82°. 23''^T-552169 ^^^| 




Bec82°. 22'=T-52S249 ^^^H 




Difference for 1'- '023920 ^^^1 


^H .-. -033920 


:'005084 = 60": what we must add to 82'. 22" ; 1 




.-. we must add 12''-8 nearly ; j 




.'. the auKk' U 82°. 22'. 12"'d. ^^J 
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(7) coa63°. 7'= -6001876 
cos53° S' = -5999549 

Difference for l'=-OO02327 
.-. -0002327 ; ■0001878=60'' : what we must add to 53'. 7' i 
.-. we must add 48''-4 nearly ; 
.-. the angle La 53°. 7'. 48''-4. 

(8) (!Ofleo25'.3'=2-3ei79 
oo3Bc25°.4'= 236029 

Difference for 1'= '00150 
.■. -00150 ; OOOeS-^eO" : what we must add to 26°. 3 
.-. we must ftdd ST'-S ; 
,•, the angle ia 25°. 3', 27"-2. 

(9) sin73°,45'--9600499 
Bin73°. 44' = '9599684 

Difference for l'i=-0000815 
.-. -0000815 : ■0000316=60' : what we must add to 73'. 44' ; 
.'. we must add 23"'2 ; 
.'. the angle ia 73°. 44'. 23'''2. 

(10) tan77°. 2(y=4'44942 

tanrr. iy =4'4433B 

Difference for 1'= -00604 

.■. -00604 : 00100=60" : what we must add to 77'. 19' ; 

.-. we muBt add 10"-5 ; 

.-. the angle is 77°. 19'. lO'-a. 



Examples— SLV. (p. 138), 

(1) L Bin55°. 34'=9'916340e 

i8in65°.33'=9j9162539 

Difference for 1'= "0000867 

.■.60':64''='0000667:whatwehaTetoadd; - 

.-. we must add '0000780 ; 

.-. L Bin55°. 33'. 64° = 9 '9 1633 19. 



1 



^H^£ r TO ELEMENTAR Y TRIGONOMETR V. 8g 


^M 


i.sm29".26'=9'691444e 




iBm29='.25'=B-6912205 




DlffereBce foe 1'= "0002240 ■ 
60' : 3''=-0002240 : what we have to add ; 1 






.'. we must add '0000075 ; ^^^| 




.-. L 9in20°. 25'. 2"=9'G912280. ^^^H 


^M (3) 


L «>s3T° 2S' = 9-6996604 ^^^| 




L cos37°. 29'=9-8995636 ■ 




Difference for 1'= -0000968 1 


^H .■.60":36"=-O000968:whatwehayetoBubtiact; tf 




.-. we must subtract '0000581 ; ^^^H 




.-. L cos3T°. 28'. 36"= 9-8996023. ^^^H 


^H 


£911154°. 14'= 9.9092371 ^^^^| 




L sm5i'. 13'= 9-9091461 ^^^| 




Difference for 1'= -OOOOQIO ^^^H 




60° : 19''=-OOOO01O : what we have to add ; ^^^B 




.-. we muat add -0000288; "1 




.-. 1 3iii54''. 13'. 19''=9'9091749. jj 


^H 


£taii27°.43'=9-7204759 ^^^^| 




L taii27°. 42'^9-720169O ^^^^| 




Diffecenca for 1'= -0003069 ^^^H 




60° i 34"= '0003069 ; what we have to add ; V 




.-. we must add -0001739 ; ■ 




. L tanSy'. 42'. 34°= 9-7203429. J 


^H (6) 


LUaib°. 14'=8'9618659 ^^^^| 




Ltmi5\ 13'=6'9604728 ^^^H 




Difference for 1'- -0013931 ^^Tj 




60" : 23'--0013931 ; what we have to add ; fl 




.-. we must add -0005340 ; J 




.-. Ltftn5M3'.23''=e-9610068. ^^^Jl 
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H 


Lcot3°.3r-ll-109a368 
icot3°.38'=ll-1972347 


^^L Difference for 1'^ -0020021 
^H .-. 60" : 50"= ■0020021 : what we have to aubtact ; 
^^H .'. ve must subtract -0016684 ; 
^^H .-. Lcot3°.3T'.50"=ll'19T5e84 


^H 


iBin39''.26'=S-8028968 
isin39°.25'=9-802743l 


1 


Difference for 1'= 0001537 
60' : 10''=-0001537 : what we hsTO to add ; 
.-. we must add "0000256 ; 
.-. iain39°.25'. 10" -9 -8027687. 


^1 (V 


Xsin70''.35'=9-9745B97 
L 8in70°. 34'=9-9745262 


1 


Difference for 1'= -0000445 
,-. 60" : 17"=-0000445 : what we must add ; 
.-. we muat add -0000126 ; 
.-. L 8iii70°. 34'. 17"-9-9746378. 


^H 


icoa88°. 55' = 8-2766136 

Difference for 1'= -0066298 

60" ; 16"=-0066298 ; what wo must subtract ; 

.-.we most subtract -0017679; 

.-. £cM88^.64'. 16"=8-2814755. 


1 


Examples— XLVI. (p. 140). 


^^1 (1) £RmU°.S5'<-9-3g61499 

^^H X Bml4'. 24'=9-3956581 

^^r Difference for 1'= -0004918 

^H .-. -0004918 : '0002868=60° : wbut we have to add ; 

^H .-. we must add 35" nearly ; 

^B .-. the angle is 14°. 24'. 35". 



Lsia^i". 14'= 
lBin54°. 13'=9-909146l 

Difference for 1'= -0000910 

.•.0000910; -0000299 = 60": what we haye to add j 

,■. we must add 19" ; 

/. the angle ia B4°. 13'. 19". 

(3) Zam7r.41'=9-9774191 
£guiTl°.40'=997 T3772 

Difference for 1'= -0000419 

.-. ■000041B:-0000126=60'; whatwemufltaddj 

.-. we must add 18° nearly ; 

.-. the angle is 71°. 40'. 18", 

(4) X coa-39'. 25'=9-9400535 
I,cos29°.26'=9-9399823 

Difference fur 1'= "0000712 
.-. -0000712: ■0000023=00": what we muat add ; 
,■, we must add 2" nearly ; 
.:. the angle i 



°. 35'. 2". 



(0) 



£taii30'.51'=-9-7761B47 

itanSO". 50'=9-77590r7 

Difference for 1'= 



, ■0002a70;-0001320=60': what me most add ; 
.-. we muat add 27"-6 nearly ; 
.-. the angle is 30°. SC. ZTS. 



Zoot86°.3i 
XcotBS'.S; 



87823199 
8-7802218 



Difference for 1'= -0020981 

'. -0020981 : -0008556 = 00" : what we mast add j 

.'. we must add 24"5 nearly ; 

.'. the angle ia SG°. 32'. a4''-5- 



■ 


^ 
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^H (7) XBiii24°.9'-'9'eJ118580 


^^L h Bin24°. 8'=9-6115Te2 


J 


^^H Difference for 1'= '0002818 


J 


^^H .-. ■0002818 : 0002114 = 60'' : what we muat add ; 


1 


^^^P .'. we must Eidd45''; ^_ 


^^k 


^H .-. the angle is 24°. 8'. 45*. ^| 


^1 


^H (8) £tai)ir.40'-'9-3I488Gl ^| 


^1 


^^^ £taiill°.39'=Q-3142469 


^^ 


^^H Dilference for 1'= '0006363 


n 


^^B .-. -0006383 rOOOSS^S^eo": what we mnat add; 


J 


^^^B .' we most add 62" ; ^H 


^H 


^^B the angle 11°. 39'. &2". H 


^1 


^^H (9] Zco3ec46°.33'-'10'1402T8? ^ 


^1 


^^1 L cosec46°. 24'=10'1401534 


1 




\ 


^^1 .-. '0001203:'0000220 = 60":whatweimistadd; 


1 


^^H .'. we muat odd 11" nearlj ; 


1 


^^H .'. the angle ia 46*. 23'. 11". 


J 


^^V (10) ZBec2g°.e5' = 10'0621063 ^H 


^M 


^H XsecS9°.64'=10-0620326 H 


H 


^H Difference for 1'= '0000727 V 


^^h -■■ ■0000727:'OOOO359-6O': what we must add ; 


^^ 


^^^1 .'. we nrnat add 29'''6 nearly ; 


n 


^^H .'. the angle is 29°. 64'. 2g'''6. 


J 


^^B ExAUFLES-XLVIL (p. 149)- ■ 


H 


^^H (1) iiin(^+£)>^sin(ieO°-C)=Biiia fl 


H 


^^1 (2) «HU+£)=C0B(180°-C)=-coaC. H 


^1 


^^^ <3)-^-K»o-4)=»f- 1 


1 
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(41 COB ^ + ^ coa/w" ^\ sin^. 
(4) COB g coa|^90 ^j ^'^ g ' 




(5) teii^-fcan(90"-|) = co4. 




(6) cot^tB.^,,t(90'-|) = tan|. 


J 


Ekamplbs— XLVIII. (p. 150}. 




1. (l)ain24 + 3m2B + aiii2C=2am{^ + B).C03(4-B) + 8m2f; 




=3 ainC. co3(^ - £) +3 sinO . cosC 




=2BinC.{cOH(J-^+C08Cl 




-2 ainC{co3(J. - B) - c<is[A + Eft 




^^ -=2amC.(2Biii^.smB) 




^H ^4Bin^.amC.smC. 




^H (S) Hm{-J + B + 0) + ain{^-£+C)+smU + B-C) 




^H -2smO.coB(4-B)+smC-i + B).ooBa-0OB(J+B).a 


mC 


^^1 =2BmC.coa(J.-B)+flinC.cosC+cosC.8mO 




^H -2siDC.{cos{^-B)+c™C} 




^^H >.2BiiiC.{c(»(^-£)-cos(^+£)[ 




^H -4aiiul.8m£.BinO. 




■ »f.4.^i.»£ 




■ _,»4-'l --4 -4 -Kl^)- 


a 


■ ^'«4..4^|...|.^|.„|'^(I4)..4 ■ 


■ ^ .to|..m| 




^ »f .,4 ,™|..,4 ^, 


d 


^L "*■"* '"'^-"^ '" 
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^H (4) t«n(J+£-HC}-taiil80° = 0; 


^^B . tan.l+taD£4-tanO-taiLi.tanS.taDO 
^^1 •■ l-taiLi.tan£-taiLB.tanC-taQ(7.taiui * 


^^1 .'. tfliiJ+tanB + tBnC-tanJ.taiLB.tanC=0; 


^^^V ,', tanJ + tauB + tiUiC=taiL4 . tanB . tanC 


^1 (5) As in Example (4), 


^H tan^ + tanB + tanC=tan J . tanB . tanC, 


^H ind dividing both sidea by faai . taaB . tanC, 


^H cotB. cotC + cot-i . cotC + coU , cotB=l. 


1 „.4»4...f-'°'^-i"i'°-i^. 


^B "a ""a ""2 


■ ^(44) »4 






H „(^|^.in|..i.|) ^H 


H '(■"f'-»f •»¥ i ] 


■ „(^(4.|)..,4..,4j J 






^^^^^H ^^H 



^p 


^^ 
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^^»+<»gflJ + coa2B + coa2C=l + (2coa'J-l) + acos(B + C).co8(B 


-0 


^^B =3<»8M-2cos^.coa(B^O 




^^H = -2 oasA . {(ios{B+ G) + coa(£ - C)] 




^^H -.-3cos^.2cosB.co3C=-4co3-i.coBB.cosa | 


^^^we} coaX + ooajB + cosC=2co3-— — -CM —5— t1 - 2sm'-5- 


_J 


H -23m_.co« - --2sm«^ + l 


^ 


■ -SBinflcos^-cos^j.! 


^ 






^H <9) -ain2,l+am2B+Bin2C=28in(B + C).Ms(B-0-2ainJ.c 


[b4 


^H =2aiiLl.ScM(B-C)-co3J) 




^H =2siii4.[cos(B-C) + cos(B + C)} 




^H >-4sin^.coaB.casa 




^KjClO) Bin J + ainS - amO=2 am"* ^ ^ - cos^^ - 2 ain-^ ■ cos-^ 




^B =2coaf jco.^-^-ain|j 








^^^P 




^^^ "^-^l-^l-l- 




^^^01) ainSJ+sm3B-siii20'=2am(.l-t-S).coa(J-B)-23iDC.cosC , 


^^B •^S ainC. {caB(.i - B) - cosO} 




^H^ -2sma.{coa(J-B) + co9(J+£)} 




^^^h -4aiaC.caB^.ooaB. 


J 



^V 


;r^ K TO ELEMENTARY TRIGONOMETR Y. 1 


H^ (IS) 


D0B.4 + ooe£ - coaC 


2 


"•^"-(— D 








--I- 


ij^t.d.|.oc^-l 




L 




--!■! 


J-B A+B{ , 




1 




...^.„ 


i.™3-i 


H (13) 


^^-2+ COS 


■1- 


2^ = 1 1 cos^ + 1 + cosB + 1 + C09C+ 1 1 






1 


cosJ + coftB-f-ooflC+S > 






1 


I 4 Bui|- ■ sm|. ■ sin-^ + 1 + 3 1 , M in Ex. 8. 






= 2 + 2 


. ^ . B 


. c 

.m-j. 


H (14) 


■ 5^ 


4- 




- cos4 -t- 1 -cob5 + 1 - cosC 1 






■"¥ ■ 


j 3-4.4 


.m|..to5_ij,«,mEt3. 






-1-2 


.A . B 


. 


^1 


*f'=.coU + co«ec 


^ cos^ + 1 


-4 »4..,. 


■* flin^ 


..4.»4^| "^ 


H (2) 


2 ooseo2 J 


ootB= 


2 ooaB 
bSO ' einiJ 


ScobB 
2 BJn^ . COS J. . sinB 

cobB 1 (• 


"*oc«B.ainB.siiiB"™^°F 
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a c—a 



(3) 2 8iii2|.=l-coaB=l--= 

2S C C 

. B //e-a\ 



(4) 2co8»|-=l + coaB=l + -=—*; 

^ c c 






^ ' 8in2^ ™ 28iiL4.cos-4 



2 m\A . cos^ 2 siiL^ . qq^A 

sinJ. sinB * >i * d 



2tanJ[ 1 

(6) toii2il - sec25=i^^2^-^^i^_3j^2^ 

2a6 c^ _ 2a6 + c^ 

2a6 + g' + 6' _6 + g 



(7) (siiLl - sin J5)« + (cos^ + cosB)' 

Bsin'J. — 2 sinJ. . siiiB + sin^B + cos*-4 + 2 cos-4 . cosi^ + cos*^ 
s 2 + 2(cos J. . co&B - sinJ. . sulB) 

=2 + 2co8(J[ + J5)=2 - 2cosC=:4siii«-2-' 



(8) "^^^"coeU-sin^^^P^^ggrr^' 

G 
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(10) 

siti^ . BinB + flinB, aiiLi 



aeinC 6ainC 

fl ~ c (g- &)BiiiO rinC 



rinf.A-.^ ^ giii;^-J ).giii(^ + 
sinO °° ginC.ainC 



(4) — ■ cosecB - cotB= 






o cosB 6 COB J. 



{B)a + 6 + «={6cosf;+cco3jB) + (acosC+oo<M4) + {acoaB+6coBJ) 
« (a + 6)coaO+ (tt + c)ooaB + (6 + e)«>a-^- 

„ . A'rB A-B „A-B 
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7^ 


^H ,™^<--B .A-B .A-B 
■ ^ ' ^^^ 2.n^.c.| ^ «»| ^ 


J 


^^|^„, t«aB sinB.ooBC *{ 2afe J a= + 6'-e« 

^1 ''V 2c» ; 


^ 


^H (9) e=aco3B + 6co8J=acosB+^^- coB^=o(coflB + siDB.c 


oU). 


^^ft0O) 2(<ii . coa(7+ ae . coaB + U . coa^) 


' + «'. 


^^Blll) «MM-i-cos>£+coa'(7+2ooBJ.coa£.cosC 




^H — 2 1 1 +00B24 + 1 + coa2B + 1 + cob2C+4 cos J . cosB . a 


mCJ 


^^1 "2" j3 + (-l-4co8J.oosB.«>sC) + 4cos^,cogB.oosO; 


, 


^^B by Bsample XLVtii. 


.(7). 


^V >: 






'2 


^H i """2 BinC "'^'"'2 . " 


^H -2 Bin^^^ ■ 8iii;^^=cosB-coaJ. 




^H . A^B A-B 







"2 


^^^B — acos -^ -008-5— =cosJ + coaB. 


J 
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^B (14) a».auLd + oi.siiiB+ac.8iii(7=a'aiiiJ+6.68iftJ+c.c3iDJ 


^H =((i" + i' + c^siiL4. 


^1 (15) Bj Art. 184, page 149, 


1 


K ""¥ V(,^J)(,- 


'4— — > 


■ <,« 1 


■ "4-"'i=s/i-isa5V(-ia,=.-:.=:^:- 


^H (17) aam(£-C) + 6am(C-J) + c.flin(4-B) 

^H »a(siii£.coaC-cosif.sisa) + b(eina.cos^-cosC.aiii^) 

^H +t(BinJ.cos£-oos^,sia£) ] 

^H =co8C(aaiiiB-68ia^) + cosB(i;sm^-aBinC) d 

^H 4co3^(6sin(7-csia£) ■ 

^H =0+0+0=0. 1 


^^H 4 If the sideB are in arithmetical progicEsion, so alao are the Binea 

^^H of the angles ; 

^H .-. 3mjl + ema=2BiiLB, 


^^L OTaiiU+ sui(^ + £)=2Bm£, . 


■ .,...(.4)»|=4..f.»|, 1 


■ ■■•■K-4)-"4- jJ 


^H -=6.E'smC+<:.cEm£ ^^H 


t / 


N 1 
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6. LetiijB=4,^C=9,jBC=12,aiidlet^2>be the line bisecting l BAC. 

m 

A 




Fto. 21. 



Then, by Euclid VI. B, 
BD,DCr¥DA^=BA.AC 



sin^l sin^ 



Mli 



/ .^A V 



sinjB • sinC 



36 



AL^ 



be 

^...(.-a).(..6).(«- 




^^{4xfr^-*-l} = 



36 



^n2 169 „^ ^7^ 6x6 ^4 

^^'x^=36, or, ^2>=-^=2j3 



7. 



If sin^ =2 cosB , sin(7 
sm(B+ C)=2 cosJ? . sinO 
sittB . cos(7+ cosjB . sinC=2 cosjB . sinO 
sLiB . cosO- cosjB 8inO=0 



sin(-B- C)=0, and /. B=a 



ll 


-0:y TO ELEMENTARY 


TRIGONOMETRY. 1 


^■- 


Ifgofl-4 


coa.i . oosB 




1 


L 


1 


. „ suLi+sinB 


....---. 


^i. - B 


'^'^^cosJ+cusB* 


...4±-^. 


COB g 


^^^^^1 


P 




c 




^r 


w 


...».4.».f 


COS 2 


1 


^L 


ft 


.■.™4-i.r,.» 


C 1 


^ 


^^P 


■ 



.■.^=45% and.-. 


C-BO*. 


■ 


^H 




IfsinM^Bin'B+am' 




1 


^^r 10. 




sio-i BinC 
Then^i?^=». 


j, then —-=4-, 

+6); 


or, ai-e» 

J 


^^v 


.-.«» 


-oJ + 6'-oi,or, (a-i)»- 


0, or, a-fr. 




^H 


Hence o, 


, i, c are all equal. 




^^H 


^^L ^^' 




-a' + 6'+a6. 


.cobC 


J 
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12. 






2l 
6 ' 




sin-l + siiLB a+5. 
* * siiL^ - sulB a - 6 ' 

8m(^ + C) + siiLB ^a + 6 
''•sm(B+C)-siiLB a-6' 

sinl B+ttI* cos-jt , , 
. \ 2/ 2 _a + p 

Now z ^i)C= B + y, by Euclid I. 32 

.'. tan-ADC cot-g-^rrj *» 

.'. tanil2)C= - — T- tan-^ . 

(13) Draw CE perpendicular to AB, 

Then by Euclid II. xii. and xiii. 

CB»=CIfi + DB^ + 2DB, DE, 

CA^^CB^ + DA^-^AD,DE, ^ ED 

and DB=AD. ^lo, 2a 

.-. CB2+C^2=2CD2+i>B2 + D^2. 




4 4 



Examples— XLIX. (p. 157X 
(1) flt=Vc2'^=Vl6=4 

sin^=±=i.=.8. 
c 5 

Hence, as in Art. 168, we find ^=63". 7'. 48'''4 ; 

and.-. JB=36'.62'.ll''-6. 



V 


~ 


^H 104 KEY TO ELEMENTARY TRIGONOMETRY. 




^H (2) a=V?^^=V64=8, 


^^L Bin^=-^= A ='4705882. 




^^H Hence J=28°. 4'. 20'''9, and B=61°. 55'. 39"'!. 




^H (3) o=V?^= = s/400 = 20, J 


J 


^H smJ=-^=|^='6S96S&S. H 


■ 


^H Hence J=43". Sff. 1{V-1, and B=46=.23'. 49"'9. 


^ 


^^1 (4) a^Vi^^'«=^676=24, 




^^B cog^=A=^„-SS. 




^^P Henoe J=73°. 44'.23'. 3, and 5=16°. IS'. 36--7. 




^H (B) a=V?:T'=V3l36=56, J 


J 


^H co9..d=— = ^=-5076923. fl 


■ 


^H .-. J-59'.29'.23"-2,andB=30'.30'.3ff''8. 


^ 


^H <6) o=e.fli]i^-13x'9230770=12YerynearIy, 




^H b=^'^^^:^=VS& = G, 




^H £=22°.37'.ll''-5. 




^^^ (7) a=c.sin4=41x-9756098=40yerjnearlr. 


_J 


^^K &=V^^<-^ei°9, J 


■ 


^^H £=12°.40'.49'.4. fl 


■ 


^^m (8) 0"C.coaB=73x-6575341=48verynearIy, 


H 


^H &=^/^^:^=V3025=e6, 


1 


^H J = 41°.6'.43°'5. 


1 


^H (9) o=c. cobB-89 ^ -4382021=39 very nearly, 




^H h=j^:^=jmfi=m, 




^H^ J»2G°.59'.21°'2. 


i 



■ 




\ 
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1 


10) 6=a-^UnJ=40-;-4-4444442=i9 very nearly, 
e=V^!TP= VI 631=41, 
B=12°.40'.49''-4. 


I 


6 


EXAMPLBB— L. (p. 159). 

=^^^^^=^'289 K 81=17 X 9=163, 


■ 


ivoA 


=T' 


1 




10 + 2-0170333 - 2'2671717 =9-7498616 ; 
34". 12-. 19'-6, and B=55°.47'. 40^-4. 


■ ,. 


6 


= ^'e"-a'=V729x 121 = 27x11 = 297, 


■ 


BinJ 


-^, 


I 


-.Zsm4= 


= 10 + 2-4828736 - 2'6283889 = 9'8544847 ; 
45°. 4^. 2'-3, and B=44°. 10'. 57"-?. 


W (3) 


6 


= ^/c'-a<=^/l6Slxl = 41, ^^H 


■ 


sinJ 


^^1 




.-.A- 


= 10 + 2'9242793-2'9247960=9-fl994833 j 
87°. 12'. 20'-3, and B=2'. 47'. 39'-7. 


(4) 


h= 


Vcif^^=*/961x 289 = 31x17 = 527, 




%\aA 


= -?.. 




:.A = 


10 + 2'52633S3 - 2'7958800= 9-7304593 ; 
32°. 31'. 13'-5, and£=67°. 28'. 46'-B. 


w 


h= 


v'c*-a^=^^2209K^ = 47x 3 = 141, 




KXTkA 


--; 


1 


■.Xsmi< = lO + 3-0413927-3-O449315=9-9964612j \ 

.: ^=82°. 41'. 44*, and B~7°. 18'. Iff*. ^^J 



^^^ 




~ 
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^H 


o=^'6S^^= s/geSxSTS; 


^B 


-■. loga.=-i^og 968 + log 578)- 2'8739016 ; 




^H 


.■.0=748, and cos^ = —; 




^H 


■. Xcoa.d = 10 + 2-2900346-2-8881795=9-401856l. 




H 


.-. J=75°. 23'. 18''e, and B=14'. Sff-. 41'-0. 




^1 


"= Ve"-ii==Vl068x612; 
.■■Ioga=-|-0oelO58 + 91og2)=2-8668778; 
.'. a=736, andco34=— ; 
. £eo8J = 10 + 2'436ie26-2'6948697 = 9-5412929 ; 
.■. ^=69°, 39'. B6"-3, and £=20°. 21'. 3"-7. 




^^ (S) 


0= V?^= s/iaSO X 32=200, 
. £aM^ = 10 + 2-7846I73-2-8O68580=9-97776Mi 




^^k m 


.-. ^ = 18°. Iff. 60", and B- 71*. 49'. lO". 




e= VaH6»= a/76176+243049=566, 


^B 


tan^^^l; 




^^P 


. itaia=10+2-4409091-2'6928469=9-7480622 ; 




H 


.-. A =29°. 14'. SO'-S, and B=60°. 45'. 29'7. ^ 


1 


^1 (10) 


c=Vo'+6'= VlB68i6-H62409=66S, fl 
tan.,i = -|-; 
. £tan^ = 10 + 2-G976952~S-6063050=9-9923908 ; 

.-. ^-44=>. 29'. 53", and B=4B°. 30'. 7'. _ 
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ESAUFLES LI. (p. 161). 

^jj Height of gple in feet^^^^.^ gjj. ^^ jf;, ^e put for height 

t st«eple, 

togft = log920 + 1 tan46°. Sff - 10 

= 2'3424227 + '0227500 = 2-3651727 ; 
.-. ft=23f835 feet. 

(2) ^= tan 25°. Iff, and if h be the height of the tower in feet, 

A = taii25°. 10'; 
200 
.•, Iogft = log200 + L, tan25°. Itf- 10 

= loglOOO- h)g5 +■ 9-6719628- 10 



.-.A =93-97 feet. 

(3) BC=50feet; i BAC=A^° ; lB 
Then-lC=B(7=50feet. 
(a) AD=CD-AO 

«=BC.cot30°-50 
-60.(oot30°-l)=50.(V3-l) 



= 60 X 




. . feet 



08) AB = AC. »ic4b'= 50.^2=60x1-4142. . 
(y) BD^BC.coBec30° = 50j<2 = 100feet. 



(4) If A be the measure of the height b feet, 

-4; = tanB4°.27'; 
140 

.-, A=140x 1-399364= 195-91096' 

.'. height is 196 feet nearly. 
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(6) LetPCbefte 




p ThenzPJC=3aM4',and 
iPBC=63'.26'. 
Then PC=JJOtanPfiC, 
andPC=^C.tanPJG 
.BC.taiiP^C=je.tanP^Oi 
■. BC x 1 -998 = (SOO + PC) X -63, 
whence BC=230 nearly. 
Hence PC=230x l-998=459'54 
=460 yards nearly. 



(6) Let d represent the sun's altitude. 

ThentanlJ=?Pf=2; 



.-. iUmfl = 10 + be2=10-3010300. 
Hence fl=63°. 26". 6'. 




(7) Let BC be the breadth af the riyer. 

Then .,40=PC. tan60°, 

and.ilC=CD.taBSO°. 

.-, BO. tan60°= (40 + BO) tJmW 

:.BCv. V3=(40 + Bt)xl]9: 

'. BC. (173 - 1-19) = 40 X 1-19 ; 

.-. ■54BC=47'6, 

and .■- BG= 88 yards nearly. 

Lot fl be the angle of indination. 
Tliensinfl=^=-55046. 
Hencefl=33°. 23'. 55"7. 
Lf t & he the angle of inclination. 
Then ainfl = 11^ = -6306306 J 
.-. e-39=. 5'.47"-S. 
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(10) Let FC be the tower ; l P^C=55" ; l PBC=^\ 



AB^amBPA' 

^, PA 8m48° 
or ^ : 

30 sin7" ' 



,\PA=20x 



sm48° 



ainr' 
and AC=PA. co8PAC=PA . sm35'. 
Hence if 6 be the breadth of the river in feet, ^ — "^ 




6=30x8in35'*x?i^ifJ 



Fiasr. 



.-. log6=log30 + Xsin35" + isin48°-isin7'-10 
= 1-47712 + 9*75859 + 9-87107 - 9*08689 - 10 
=2-02089 ; 

.-.6=104-93 feet. 



(11) Let AB be the height of the house, BD the length, C the place 
of obserration. 

Then ABC and CBD are right angles. 
Then BC=BD . ootBCD, 

and since cosjBGD= -yg, cotBCD=-^ ; 
••.£a=150x-|-=75feet. 




Fio. 2a 
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Again, AB=BG. tanJOB, 
and Hince siaACB= - f^, ta.nACB= " 



.-. JB-75'<-|-=45fMt 

(12) Making the a^me construction sa in Example (11), 
BC=JB.coLiCB=45J< -3=76 feet, 
and BI> = £C . tanBCT = 75 >t 2 = 160 feet. 

EzAUPLm — LIT. (p. 174). 

i'+e'-a' _ 16g + 160Q-1369 5 
(1) coad- 2fte KMo lb • 

12 

/. HiiLA=j^=-9230769. 

Hence J = 87''.23'.48'-5. 

, 62 + c'-a' 841 + 14400-10201 63 



i 



Hence 4=43°. 



(3) '=2-{37 + 13 + 30) = 40; 



/27_xl0_ /¥ 

^V vi^-iQ-'W la' 



in^ = IO + ^ J-9S42425 

-10--0798504 
Hence J = 112°. 37'. 11*'5. 
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(4) «=-i-(409 + 241 + 600) = 625 ; 



2 

-V aiTi >1 — 

he 



^ yy/625 X 216 x 384 x 25 



144600 

2x36000 ^360. 
" 144600 723' 
/. L BmA = 10 + 2-5563025 - 2*8591383 = 9*6971642. 
Hence ^=29^ 51'. 46^*1. 



tan 



tan 



2 ^c-a . 
C +A c + a'' 
2 



, C-A e-a .B 
.". tan — 5 — = — : — . cot-77 • 
••"**" 2 c+a 2 

Now c-a= 1859 and c + a= 13419 ; 

.-. Xtan-g- =log(c-a) -log(c + a) + icot^ ; 

O A 
.-. X tan-^ = 3*26928 - 4*12772 + 10*40312 

=9*54468. 

Hence -^ = 19'. 18'. 50". 

C+A 
Also ^^e&'.Z&.O"; 

.-. C=87'. 44'. 50^ and ^ = 49°. 7'. 10*. 



, _^ sIilB 
" 'sinJ. ' 
.*. logh = loga + X sinB - i sin^ 

= 1*7403627 + 9*9764927 - 9*8188779 
« 1*8979775; 
.•.6-79*063. 
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1 



: loe6=logi;+£sitiB-£aiii(7 

=2-1613680 + 9-9982047 - 9'8183919 
= 2'3411808 ; 
.-. 6 = 210-37. 



.■. £8in-i=£BiiiB+logo-log6 

= 9-7175280 + 2-7637623 - S-B465260 
= 9-9247634. 
Henco OTie value of 4 is 57°. 14'. 21". 
And Hince a is greater than h, A m greater tban B, and ire mt,j 
faaTe the same given parts in a triangle where A is tlie Bupplement of 
67°. 14'. 21", or 122°. 45'. 39". 



4 






■ ain30°= 






°, and the triangle is not ambiguous. 



In the equilateral triangle ( 



■. B=117M9'. 11", ai)dO=a".40'.4 
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9. Let a, 6, c denote the sides in order of the given values. 



2&C 



2(1+V3).V6 2V6 + 6V2 V2' 



/. ^ = 45°. 



Again, sinJ?= 



a 



. . V6 1 V3 



/. ^=60'; 
and .-. (7= 180" - (60° + 46") = 180° - 105" = 75". 

10. Constroct a diagram, as in Art. 213, fig. 2, but with A and B 
interchanged, because B is here to be the smoRtr angle, 

C 



11, 




Let Ci=A^, and C2=AiB, 
Then Ci=BD - -4,D= ocosjB - h . cosC^»D, 
and c,=-BD + J ii)=acosB + 6. cos (MjD; 
/. (?x . ci = a*. cos^J? - h\ coa^CAJ) 
= a^. cos*^ - 6^. cos2-4 
=a«. (1 - sin^JB) - 61 (1 - sin^^) 
=a2-6a; 



Let JL=64". 12^, andA=|. 

c 7 



Then 



&-c^9~7^2^ 1 

b + c 9 + 7 16 8 



And tan ■ = , - • cot-^- 
2 o + c 2 

= 4- • cot32". 6'. 

o 

H 
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= 1(^ 1 - log 8 + i cot32°. ff 



«nd£ii' = 57°.54'.ff'; 
. B=69'. IC. 10", and <J=46°. 37'. 50". 



■ onn-^ / I5x6 /25. 
■ 2 '^ V 2.2.4.6^ V 2S ' 

.-. £co3| = lO + -i- j 2log5-5log2 j 

= 10 + 2- j 1-3979400- 1-5051495 f 

= 8-9463963. 

HonM v = 27°. 53', 8", and £ = 55°. 40'. 16*. 



A~B 



= 3-cot.l8°.26'.e'; 

- =iogl-log3 + i(»tl8°.S6'.( 
"0--477I213 + 10-4771213 



and — s— = 71°.33'.54'; 
= 116°. 33'. 54", and £ = 26°. 3?. 5 
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Examples — LIII. (p. 176). 
(1) c= A/a2+P= A/i6 + 9=5, 

8inu4=-g-=*8. 

By the tables 8in53^ 7'= '7998593, 
sin53^ 8'= •8000338. 
Hence ^=53^ 7'. 48% and JB=36". 52'. ll"-6. 

a= a/c2"^=48, 
8mJ5=^= -7535068. 

By the tables sin48^ 53'= '7533721, 
sm48^ 54' =-7535634. 
Hence 5=48°. 53'. 16"-5, and ^=41°. 6'. 43"-5. 

(3) c= a/^T&2=353, 

272 
8in^= 3^ =-7705382. 

By the tables sin50^ 24'= -7705132 
sm50°. 25' =-7706986. 
Hence ^=50^ 24'. 8"-l, and 5=39^ 35'. 51''-9. 

(4) a= a/c2^^^=40, 

40 
8in^=^ = -0997506. 

By the tables sin5^ 43'= -0996092, 
sin5^ 44'= -0998986. 
Hence J =5^ 43'. 29^-3, and £=84^ 16'. 30''-7. 



(5) J5=79°.7'.9"-6. 

By the tables sinlO°. 52'= -1886241, 
sinlO". 53' =-1888098. 
Hence sinlO°. 52'. 50''-4= -1887639 ; 
.-. a=c. sin^=445 x '1887639 = 84, 

and 6= Vc2^2=437. 
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^1 (SJ 


B = 43°.0'. H)"-3. 


^^H 


By the tables sin46°. 59'= 'TSl 1553, J 


^^^h 


Bm47'*.0' = 7313537. J 


^^^1 


HenceBin46''.5B'.49"'7=-73131l)6 ; D 


^^^P 


.-. o = c . 8mJ = 629 X ■7313106 = 460, J 


^V 


>iiid£=V^^'=429. ^^H 


^1 


^ = 38°.34'.48"'3. ^^^H 


^^K 


B7 the tables ain5r. 25'= '7S1T019, ^^^H 


^^H 


atQ51°. 26' = -TS18e33. ^^^^| 


^^H 


EeDce ainSl". 25'. ll''-T = -7617372 ; ^^^H 


^^v 


.'.fi=e.sm£=44gx '7817372=351, ^^^H 


H 


and a = J,fZr^= 280. ^^^| 


^1 (8) 


^ = 31°. 2'. 53'''6. ^^^H 




Bythe ta,l)le3Em58°.57'=-S567176, ^^^^| 


^^1 


siaSS". 58'= '8568675. ^^^^| 


^^^ 


Hence 3m58°. 57'. 6'-4 = '8567335 ; ^^^^| 


^^K 


.'. 6=e. Em£=34g y. '8567335=209, ^^^H 


^H 


anda=\'f'-6'=180. ^^^H 


^V (9) 


23°. ^^^H 


^^P 


By the tables taii23°. 57'= '444183^ ^^^^| 


^^K 


tai>23°.58'=-4446318. ^^^H 


^^^ 


Hence taii23°. 57'.e''='4442365 ; ^^^| 


^^H 


.-. b=a . taa£ = 520 x '4443365=231, ^^^H 


^V 


Eindc = V^M^<-569. ^^H 


^v 


B=3°.41'.43'. 1 


^^^ 


By the tables tiui86°. I8'=15'463814, 1 


^^^ 


tanSe'. 19'= 15-533981. 1 


^^H 


Hence tan86°. 18'. ir = 15'483694 ; 1 


^^H 


.■.a=6. tan^-31x 15-483694=480. 1 


L 


Biidc=*'a' + 6= = 48!. ^^^B 
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Examples — ^LIV. (p. 177). 

(1) «=245, «-a=48, «-6=192, «-c=5. 

Thentan^=^SS 
2 > «.(«-a) * 

= 10 + -^ j 2-2833012 + -6989700-2-3891661-1-6812412 | 

= 10 + -|- 1 2-9822712 -4-0704073 | 
=9-4559320. 

Hence -g ^l^"*- ^6'. 43''-4, and /. ^=31*. 53'. 26^-8. 

By a similar method we may find J5=8°. 10'. 16''-4, 
and.-. C=139^ 56'. 16^-8. 



(2.) «=605, «-a=96, «-6=384, «-c=125. 
LtanY=10+-|- 1 log 384 + log 125-log 605-log 96 I 

« 10 + -i- j 2-5843312 + 20969100 - 2*7817554 - 1-9822712 J 

■= 10 + -i- 1 4-6812412 - 4-7640266 \ 
■=9-9586703. 

A 

Hence y=42'. 16'. 25^-25, and .'. ^«=84'. 32'. 50^5. 

By a similar method we find J5=»25°. 36'. 30*7, 
and.-. C=69".50'38''-8. 
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1} »-680, »-o=147, (-fr'-Sea, *-c=170. 
.an-g— I0+yjlog363 + logl70-log680-logl47 \ 

= 10 + 15 2-5599066 + 2-a30«89 - 2'fl3250a9 -2'1673ir3 j 



=10 + 



J4-79O3550-4" 



a*. 9*. 26*, and .-. ^-76'. 18'. 51 



(4) »=B08,s-a-243,»-6=363,»-c=202. 
£ fan— = 10 + -^ j log 363 + log 202 - log 808 - log 243 I 



-10 + 



, 1 



2'5599066 + 2-3053514 - 2-9074114 - 2-3856063 



, 1 1 



= 10 + -^ j 4-8652580- 6-2930177 
= 9-7861202. 
Hence -s- = 3r. 25'. 46"-45, and.-. 4 = 6i 



(5) «=416,»-ffi=7,*-6=175,«-c=234. 
Ltan^=10+-|-hogl75 + log234-log416-log7| 

= 10 + i f 2-2430360 + 2-3B92159 -2-6190933 - -8450980 \ 

= 10 + -i- 1 4-6122539-3-4641913 \ 

^10-5740313. 

Henoe -5-= 75°. 4'. 7", and .-. A = 150*. 8". 14'. 
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(6) B = 180° - (^ + C) « 1 1^ 25'. 16"-3, 

aiiLi _ 29 X '6896550 _ 
*~ * • BiaB"" -1980199 " ^"^' 

_ sin Q_ 29 x '8193229 
^"^ • siiLB"" -1980199 "" ^^"• 

(7) JB = 180° - (^ + 0) » 390. 18'. 27"-5, 

sinJL _ 149 x -9395972 _ ^^, 
*"^'8iiLB" -6338400 ""^^^^ 

sinC 149 X -94384 90 
^""^*8iiLB"' -6338400 *22-. 

(8) t«^^-=aT6 "^^T' 

A-B 72 
tan— g— = j3^ . cotl6°. 5'. 26''-9, 

L tan -g— = log 72 - log 130 + L cotl6°. 5'. 26^*9 

= 1 -8573325 - 2*1 139434 + 10*5399616 

= 10-2833507. 

>l — R 
Hence - ^ =62^ 29'. 16"-8, 

and— |-=73°.54'.33"-l; 

/. A = 136°. 23'. 49''-9, and JB= 11°. 25'. 16^-3. 

Also , ^ « « BinO 101 X -5326047 _ 
' 8ULi -6896550 '^• 



(9) tan-2-=j^cot2, 

-4-B 360 . , . 

tan -g- =^ cot48°. 28'. 40*-05, 

L tan— ^- =log 360 - log 442 + L cot48°. 28'. 40^*05 

= 2-5563025 - 26454223 + 9*9471473 
-9*8580275. 
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Hence— g- =35°.47'. Stf'-es, 

and ^— = 41°. 31'. 19'-96 ; 
.-. A = ^T. 19', 10"-6, and B = 5°. 43'. 29"'i 
., a.ainC 401 x -9926403 
^^°'' = ^Sir -9766097 -^«- 



cotlS'. 20'. IT'-S, 



log 72-Iog 370 + X cotia". 20". 17"-5 




1 



170+i;cot33", 29'. 42'7 
1-6812412 - 2-2304489 + 10-1792902 



'. .4=79°. Se*. 40', and B=33°. 23'. 54"-6. 
a.siflO 109 X -9204413 

= 102. 
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(12) to^-2-=iT6''^V 

tan— g- =g2g . cot43'. 57'. 3(r, 

L tan — g— =log 362 - log 528 + L cot43*. 57'. 30* 

=2-5587086-27226339 + 10-0157949 
=9-8518696. 

A-B 
Hence —g—^ 35°. 24'. 46", 

and ^^^=46'. 2'. 30"; 

/. ^=81*. 27'. 16", and B^l(f. 37'. 44". 

Aio^ . 6.smC 83 X -999390 ,.^ 
^^' '="155"= -^1844460- =450. 



(13) taii-^-=^q^ . cot^, 

A-B 120 
tan -g— = 33g • cot65". 42'. 22", 

A~B 

L tan— g— =log 120 - log 338 + L oot65'. 42'. 22" 

=2-0791812 - 2-5289167 + 96545508 
=9-2048153. 

A~B 

Hence — g— =9^ 6'. 16"-6, 

and^^^=24M7'.38"; 

.^-4=33^ 23'. 54"-6, and B=l&\ 11'. 21"-4. 

., ^ 6.sinO 109 X -7499700 ^,^ 
^^' '=1S5"= -2620086 =^^2- 
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(14) tan^^^-^cotg-, 

. ui-J5 72 

2~ "no • ^^'^'^' ^'- ^^"*^' 

^ **^~~2~ =l<>g 72 - log 410 + L cot62*. 1'. 56"-6 
= 1-8573325 - 2-6127839 + 9*8923085 
«9-1368571. 

.•.^^^=7'.48'.12", 

and— g— =37'.58'.4"-5; 

.-. ^=45". 46'. 16"-5, and B=Z(f, 9'. 52''-5. 

Aia^ . ^sinC? 169 X -9900242 ^^^^^ 
^"' '=-^8 = ^5024855 =332-97. 



(16) ton^-- _^cot^. 

taii:ii:^=^ cot7°. 41'. 18^-5, 

X tan— ^ =iog 72 - log 410 + L cot7*. 41'. IS'^'S 

= 1-8573325 - 2*6127839 + 10*8696637 
= 10-1142123. 

Hence —^ =52'. 26'. 54''*1, 

^A + B 
and —g- =82^ 18'. 41"-5 ; 

.-. -4 = 134". 45'. 36"-6, and jB=29'. 51'. 46"-4. 

Also, ,_& -sine 169 X -2651681 

' sinB -4982927 ^' 
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. T> &.8in^ 37 X sml8°. 55'. 28"-7 
(16) sulB ^— ^ j3 ; 

/. L siiLB=log 37 + X sinlS". 55'. 28"-7 -log 13 
= 1-5682017 + 9-5109783 -1-1139434 
=9-9652366; 
/. J5=67'. 22^. 48"-l, or its supplement 112°. 37'. ll"-9. 

. „ 6 . sin^ 565 x sm44°. 29'. 53" 
(17) sin^^ ^= 445 ; 

.-. L siiLB=log 565 + L sin44°. 29'. 53" -log 445 
=2-7520484 + 98456468 - 26483600 
=9-9493352; 
.-. J5=62'. 51'. 32"-9, or its supplement 117^ 8'. 27"-l. 

. „ 6.sin^ 836-4 X 8inl4". 24'. 25" 
18) sinB ^= 212^5^ 5 

,-. X8in5=log 836-4 + X sinl4°. 24'. 25" -log 2125 
= 2-9224140 + 9-3958630 - 2*3273589 
=9-9909181 ; 

.-. J5=78°. 19'. 24", or its supplement 101°. 40'. 36". 

. „ 6.sin^ 564-8 X sin40°. 32'. 16" 

(19) 8mB=-^— = -^^^ ; 

.-. L sinJ5=log 564-8 + i sin40°. 32'. 16"-log 3795 
= 2-7518947 + 9*8128794 - 25792118 
=9-9855623; 
.-. jB=75°. 18'. 28"-2, or its supplement 104°. 41'. 31"-a 

/«nx . « 6.sin^ 8032-29 X sin7r. 3'. 34"-7 

(20) ^^——^ __ . 

.-. iBinJ5=log 8032-29 + Xsin71^ 3'. 34"-7-log 9459*31 
= 3-9048393 + 99758256 - 3*9758594 
= 9-9048055; 

.-.5=53'. 26'.0"-6. 
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(4) Let AB be the flagstaff ; BF the tower ; Q the place of obser- 
yatioD. 

Then taitBQ^ = tan(^ QP - BQF) 

tan^QP-tanBQP 
l+taiL4C-P.taiLBCP 

^ 2-05-2 _^-05 1_. 

l + 2-05x2~5-l"'l02' 
.-. L tanBQui = 10 + log 1 - log 102 
= 10-2-0086002 
=7-9913998 ; 
.-. Bgui=33'.42". Pio.82. 




(5) Let A be the top of the steeple ; J> the top 
of the tower. 

z JLP-B=60* and z DPP =45*. 

Then BA =PP . tanGO', 

andP2)=PP.tan45'*; 

.-. BA : Pi>=tan60'* : tan45^ 

= V3 : 1. 




Fio. 8dL 



(6) Let PC be the river, CB the column, BA the statue 
CD«b6 feet ; and let a;=breadth of 
river in feet. 

Then tan^PP=tanDPC=— , 

X 

. .^^ AG 230 
tan^PO=p^=— , 



tanPPC= 



200 




Fio 84. 
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Now taiLBP(7=taii(^PC- APB) ; 

230 _6 

200 X % 



X _ .230 6 ' 
1 -f • — 

X X 



224a; 



-, or 24^2=276000, or a:«=; 11500 ,- 



. 200 

*• X x2 + i38o^ 

.'. «== 107*2 . . . feet. 



(7) Let A be the top of the pole ; B the top of the mound. 

z^PQ=60'; lBPQ=ZO\ 
Then AQ^PQ . tan60^ 
BQ=FQ . tanSO" ; 
.-. AQ ; J5Q=tan60' : tan30° 

= ^3^73 
=3:1; 
.*. AB=^2BQ, 

Fio. db. 




(8) Let A be the top of the flagstaff ; B the top of the tower. 

A Then z BQB=^'' - z AQP. 

-^oYfAB^AP-BP 

= a{tmAQP - tanP^P) 




= a , (cota - tana) =a 



cos^g — sin^g 
cosa . sing 



co82a 
^^^•S;2i==2a.cot2a. 



Fio. 86. 
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(9) 



Let T be the place of the second obseryatioiL 




Pio. 37. 



.'. C=( 





Then 


a^QP 
^PT- 

^BP 


. coto — e 


J 






a 

=atana. coto 


-c; 


' ox a 
Stan^ 


cot 


I-.) 


/ 


2 


= a(l_ 


A /I 


l-tan2~ 
^ 2 


tfl.n2^ 
2 




=a 


cos»2 




« . 




cos2- 


. 9 a 


cosa 



2 



.'. asc . oosa, and putting this for a in the result of Example (8), 
length of flag8taflf=2c . cosa . cot2a=2c . cosa • -t-^^ - 



cos2a a 

= 2c • ^ . — = C . coseca . cos2a. 
2sma 
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(10) Let K bo the kite ; g, nrd S, the pkcea of observation. 
Draw KA perpendicular to SiS,. 
|, Then, aince the aDgles at Sx and Si are equal 

KA bisects Sii^ 
Then KA = ASt,. \xsiK&^A 
=|-.tan3 



.Q.3ee3> because o=S 



1 




(II) Let AB be the smaller and PI" the greater tower, and D the 
point midway between them. 

1 Join TA, BP, DA, DP. 

TheniPZ)3'= i. DAB. 
Let PT=x and AB=y, 




Hence y=40 
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(12) Since l ADB= l ACB, a circle can be described about ADCB, 
D^^:z « ^^C 




A B 

Fio. 40. 

/. I ABD= L ^0D = 19". 15', 
and L DA 0= 180° - (40°. 45' + 19°. 150 = 120°. 
^ ^D.sin 30° 
•'• ^^ sinl9° . 15' » 

^ ,^ JDC.sinl9°.15' 

and AD^=' • ■%cm\o — \ 

sinl20 ' 

1^ 
. AB^ sin30° ^sin30°^ 2 1 

•*• DO 8inl20°~sin66°~'73"' V3' 

2 

(13) Let X be the length of the zigzag road in miles. 

Then5:12=3-:«; 
.*. 5a; =20, or a; =4 miles. 

(14) 5i and B% are the two positions of the ship, A and B the two 
objects. 

N B 




Fio. 41. 

Then l BS^S^ = 15° + 45° = 60° 

z JB>8i5i=90°(since N.W. is at right angles to N.E.) 
z SiASi= 180° - (45° + 60°) = 75°. 

I 
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Then BSi^S^St . sec . BSiS^ 
=5.8ec60'*=10, 



5x 



. jp in 10 _10V3_ 10V3(V3-1) _ 
••^^=^^~V3Tl 73~Tl" 3^=1 -5(3- V3). 

(15) Let PQ be the tower. 

Then AQP and PQB ore right angles. 




FlO. 42. 



I PAQ=ZO% and z P5^= 18*. 
Then ^C=-PC • cot30°=PQ x ^/3^ 

BQ=PQ. cotl8°=PQ • .5/(^±?^). (See Example xxxvi. 6.) 

NowPQ2_jQ2=,aa. 






a' 



/. PQ= 



a 



V(2 + 2V5) 
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(16) Let AB be the staflF, G the centre of the ring in the vertical 
line ABC, D the extremity of the shadow ; then if DE be drawn 
touching the ring in j&, DE will be the direction of the sun, and CE 
is at right angles to DE. 

Let CE=-r, then ^JB=»^D=8r, and AC=9r. 

,'. (7i)2=JC2 + ^i)2=145r2, 

and ^D2=OZ>2- C^=144r2 ; 

.\ED^l2r. 

9 I 

Hence tasiADC=-^, and tanCD^=— ; 



8 



.-. tan^DJ^= 



12 



9^ JL 

8jj2 

1-1 
96 



_4 
3 



.*. the sun*s altitude = tan "^-^^ 




Fio. 43. 



(17) Draw DM, EN perpendicular to OB, and let AByBC, CA be 
represented by c, a, 6. 




(Euclid, VI. 2, Ex. 1.) 



C M N B 

Fio. 44. 

ThenCjD2=CM2 + MZ>* 
9 "*" 9 

= T^9 
9 
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(181 Let P be the place of observation ; 

PJ? =«, Fh=a. 

Then BA = a, because l 4PB=45°, 
PiV^=o. cot30°=QV3, 
zPBJV=I35°. 

Then coaPJSJTr- 



1 




2PB. SA^ 


a= + ^'-3a= 


3S 2a^ ' 


1 a'-Sa' 
V2 ito ' 


1 a:*-4oV + 4a' 



Hence 3^-6(iV= -4a',anda;»-3«'= ±^/5.a■ 
F,o.45. and.-.x=aV(3±v'5). 



(19) Let BA be the first tower ; AG the moat ; EJ> the other 

Dmw EF parallel to BA. Let fe=height of BA. 

Thenamce lBEA^ i.BGA=4b'', a circle can be deacrihed about 
ABJEC, and since .: BAC=20°, BG is the diameter of the circle, and 
therefore i BEC=X\ 

g Then CB--=CA^ + BA^=2h\ 
anACB'=EC^+EB' 

=a^ + c^+EF^+FEP 
- =a' + c*+(e + fi)' + (k-a)». 
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(20) 



.^ .„ sinl5° .^- sinl5° 




Fia. 47. 



•• "^^""^^''"272"'"^ ;72~ 

=50(^6 -,^2) =51 -76 . . . feet. 



(21) Since BC points to N.W. the L ^50=45'* ; 

/. z ^CB=45", and ^C=J5= 10 miles. 




Fio. 48. 



Also, C!B= 'JAC^ + A&= \^200= 14-14 . . . miles. 



(22) Let (L4 be a line from the end of the shadow in direction of 
the sun, AB the wall, BG the shadow. 

-^ , .^P AB 18 9 >tA 

Then tan ^GB=^=-=-g. 



.-. tan J[GB= 1-125; 

or, -4CB=tan~* 1-125, which by the tables q' 
we find nearly equal to 48**. 22'. 




Fio. 49 
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(23) Let AB be the spire ; BP the tower ; Q the place of observation. 
Then z5gP=30°, and z ^gP^32°. 

A 




Pro. 60. 



Now AF=FQ . tan32"=-200 x •6248694=124-97398 
BP=PQ . tan30" = 200 x '5773503 = 115-47006. 
.'. height! of tower = 115-47 yards nearly, 
height of spire =9*503 yards nearly. 



(24) 



cosJ5^C= 



a A 324 

100 61 
— ^~^ — ^ fmZ ^ '81 33333* 



Hence, by the tables, z BAC=Zb\ 34'. 32", 
and .-. z BAD=IU\ 25'. 28". 
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JNext, HD 81^170,47/. 20" 

_ 3x'5817759 _ ^^ ^ ^ 
-3055106 -^^^^^^ • • • "^^^ 

(25) z5ulC=17V44', 

^ « T>^ sinl39^ 58' 

sml7 .44' Q 

Hence, by the tables, Pxo 52. 

^^ 840-5 X -6432332 j ,»,^tc j i 

^-^"^ '3045872 y*^^=17^^ y8^^ nearly; 

.-. AB diflFers from a mile by about 15 yards. 

(26) L BCA = 180' - (50^ 20' + 110°. 120 = 19'. 28' ; 

„^ . ^ 8m50°. 20' 
• • ^^=^^•sEl9^28-'• 

.-. log 5C=log 2700 + L siii50°. 20' - X sml9^ 28' 
= 3-4313638 + 98863616 - 9*5227811 
» =3-7949443. 

Hence J5C= 6236*549 feet. 




Fio. 68. 

Next, if CD be the height of the mountain, 
CD^BCsinCBD, 

=6236*549 xsinl0^ 7' 
= 6236-549 X 1756531 
= 1095-47 . . . feet. 
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Let EC=x feet 
Then t63LAEB=taii{AEC- BEG) ; 

tajLAEC-t&nBEC 



.\ tanlO = 



1 + tanAEC . tanBEC 



:. 176327= 



60_^ 

X X 



1 + 



2400 



•176327= 



20a; 



V+2400' 
and solving this quadratic we get 
x=85'28, or 2814. 



(28) 



Let CP be the height of the hilL 




Then CA^AB. . .^p 

smACB 

-^^^''8"S9^2f 

^ 1760 X -0479781 
"^ -1644738 

=513*4 nearly; 

.-. CP= 513-4 xsinCilP 

=513-4 X -2116091 = 108-64 . . . yaidi 
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(29) Let AB be the tower, & the ship. 

A 




Pio. 56. 

Then B8=^AB . cot A8B 
= 150x1-3613350 
=204-2 . . . feet. 

/oA\ X A-B a-b ^G 

(30) Uji-^^-^^,C0tr^ 

=^22577 ^jgo 43, 

9541-29 
A —' H 
itan— 2—= 3-5086333 - 3*9795979 + 10*4700495 

= 9-9990849. 

Hence ^^~^=44^ 56'. 20^, 

and^^=7lMr; 

/. A = 116^ 13'. 20^, and 5= 26^ 20^. 40^. 

., b.smC oi..^T^r/j '6078379 ,^ 

^" ^="155-=^^^^'^^ ^^4437665=4326-26. 



(31) L B8,8i=66%md L BS^=e2\ 30'; 
.-. z iSi5i^=180'- (55" + 62°.30')=62°.3O'; 
.'. igiSi=M=lnule. 

^Ix8in55' -8191520 
■"8in62°. 3b'" -8870108 

= •923497 miles. 




Pio 67. 
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(32) From E, the lower window, draw EB perpendicular to the tower 
AB ; firom D, the upper window, draw HC perpendicular to the tower. 
Theui JJ?B = 46'', 






audz Ji>C=40", 




aDdDC=£B=JB. 




.-. DC=20 + 4C 




=20+1)0. tan40°. 




20 _ 20 




l-tan40° 1- '8390996 




■li '«■=-"«'■ 


Let CD be the perpeudicukr breadth 


of the 


river. 



Now i J CB = 180° - (60° + 05°) = 65'. 
.■.^C=4B=400 yards. 
Hence CO =.dO.aiii50° 

=400 X -7660444= 306'4178yarda. 



(34) Let AB, AC\x. the linea of the railwaja, D the point at which 
the train tiaveUing 30 miles an hour is in 2 { hours. 

The other train may then be at Af or ^, points on AB equidistant 
from D, and such that 
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AlsOy AD = 75 miles. 

Then sm^i^D=?5jji5?5l?2.'= A x -5783323 = -8674984. 

50 2 

Hence z AND^QO"" . 10' nearly, 

.-. z ^jDiV= 84°. 30', 
50 X sm84°. 30^ 50 x '9953962 49*7698100 . 



and AN=- 



.'. rate of train = 



"sin35°. 20' '5783323 

49-7698100 



miles. 



•5783323 
^2J= 34*42284 . . . miles per hour. 



•5783323 

Next, z DMN=^ lAND^ 60". 10' nearly ; 

.-. z AMD = 1 19^ 50' nearly ; 

.-. z ADM=24\ 50' nearly, 

, .,, ^Z>.sin^DM 75 . sin24°. 50^ .^ '4199801 ., 

^^^^= sin^MD =-^ri9--75(r = ^^ ^-8674984^^^^ 

'4199801 
.-. rate of train =75 X ,^^=^^q2;-t-2J= 14*524 . . . miles per hour. 

(35) Let -4 J5 be the base of 600 yards ; C the tree ; CD a perpen- 
dicular on AB, 

Then z ^ CJ5 = 1 80^ - (52°. 14' + 68°. 32*) 
=59\ 14'. 

A 




Fro. 61. 

NowCD=^C.sinC^D 
600 . smABC 



' ainCAD 



sinACB 
600 . sin68°. 32'. sin52°. 14' 
"" sin59°. 14' 

^ 600 X -930 6306 x :7905115 ^ 5^3.7^5 ^^ 
-8592576 "^ 



I 
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^ 



(36) Let AB\vi the tower ; C the fitst place of observaldon ; D the 
second place of obserratioa 

A Then ACD and JBD are right angles. 
Now AC=AB . coeecACB 

= 100 X coseo50°=130-54073. 
AD= \'(300)'^+{130-54073)'' 
= \'107040'137569 
= 32716 . . . 
. JB_ 100 

^^*=ZD-327-"i„ 
Hence/:^i)fi=17".47'.50". 

height of tower in yards ; 
taD48'. 2lf=taD{ADC-BDC) 




100 100 

KXXK) • 

■-■•°'™°'- i,»OoT^^4, 
Solving this quadratic we get ic= 134 yania 



3S) Let A be the object ; AB a vertical Une meetiiig the horizontal 
I plane through C in B ; D the point 300 yards up th« hill. 




Then c BCA = 29°. 12'. 40"= 
iCDA = lQ\ 

Then CA = - . „„„ ,„, - . rr^- 
ain29 . 12 . 40" 



300 X -2756374 
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(39) At the end of three hours each engine has passed over 90 miles. 
Let AB^ -4C be the distances traversed. ^x|B 

Draw AJ) perpendicular to BC. 
Thenz5J[D=25M0', 

and BD=AB . sin^^D 
=90 X -4252528. 
.-. BC= 2 X 90 X -4252528 = 765455 . . . mUes. ^ ^^ 

Fio. 65. 




(40) Diagram as in Example (37) ; and x= height of tower in feet. 

150 25' 



ifmADB=.JL==Xz 



g + 30 X 
. 1 150 150 4500 

'"25 a;(g + 30) ""g2 + 30x + 22500. 

22500 
Solving this quadratic x=285 feet nearly. 



Examples — LVI. (p. 199). 

1. Area=-^ \ 10 x 12 x sin60** > square inches 

=[60 X ^j square inches =30)^^3 square inches. 

2. Area=-i- j 40 x 60 x sin30"* I square feet 

= (1200 X --- jsquare feet = 600 square feet 

3. Area==-2- 1 4 x 3-t- | square feet=7J square feet. 

4. Area=\^«7(«-a) . («-6) . («-c)=\^8 x 3 x 2 x 3=4 x 3 

= 12 square inches. 

5. Area=\^1017 x 392 x 512 x 113=n/9 x 113 x 8 x 49 x 8 x 64 x 113 

-(3 X 113 X 8 X 7 X 8) = 151872. 
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6. Area= Ve-M x 135 % 375 it 
= 17x8x9x25=301 



7. Area=\'686 x8x512x6S = \'6xl3>;9x8x64x8xl3x5 
= 5x13x3x8x8=12480. 



oh 



A at the triangle. 

„ , /!46-27 41-21 4875 66-31 

9. Area = ^-^x^-x-2-x-g- 

.-. logarea-l { logl4a-a7 + log41-ai+log48-75+log5e-31 - 4log2 j 



1 



21651553 + 1-6150026 + 1-( 



+ 17605856-1-2041200 } 



10. Let a, b, c be in desceading arithinetica! progression ; 
then a + 0=86. 
Thus the perimeter ia 36, and the side of r.n equilateral triangle of 
I ecLuol perimeter is h. 



Then^,.(s-a)(,-6)(,-c) = 



^^((.+6 + c)(6 + e-«)(a+c-6)(<. + 6-*)=^V, 
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W362(6 + c-a)(a + 6-c)=^V 

Q 

V(6 + c - a) (a + 6 - c) = yft 



3c— a 3a — c 3 /_ , \ 

solving tHis^^d^tic we .t|4o4 
Hence the sides are proportional to 7, 5, 3. 

26c " 2 ' 

and.-. ^ = 120^ 



Then cos^=:- 



11. Let AEB be the triangular part tamed down. 

Then area of AEB=:\aB . AE, 

2 




Fio. 66. 

But 4i=4^, by similar triangles AED, BAG; 
AD JdO 

.-. area of AEB^^AB"^—^ 



i 4^ 
2 * BC 



. (CD ^0) 



4-Sl^^-^(^^-^^l 
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12. Area. 
.3. .4 


he . Bm£ 
2 

, S 

■ sing ■ 


b smA . e &aiA a mnB .asinC a' sinB 
2 8iiLi 2emA 3Bm{B 

.0/ «• i' t"\ 
2W4 flin£ ainO^ 


.inO 




V^^ 

(.-.)( 
..(.-. 


-fc^ ■ V — „ - 

-6)C(-c) oic(« + 6 + c) 

ate as 




S) 



-(i+c-o)(o + c-6)(a+6-c). 
Squaring botb aides, — 
.'SV-|a+(l-t)K<'-('-«>^ {> + ("-*'-(«-=» 

«(e+(a-i))(.-((.-S)l 

.{.■-(i-.«|t'-(«-«)1i«'-(»-s)')- 

Now this equality can only exist when a=6=c, for in aoy otbei 
case each factor on the right-hand side is less than the con^sponding 
factor on the left-hand side. 

„ B+0 . B-C . B-0 
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16. OA bisects i A, and FE at right angles ; 

.*. area FOE=FH. OH 

A . A 

= r cos— . r sin— 



=r*'o-8in-4. 



9^, be 




.*., by symmetiyy 

BrefiFDE^^(l+l+\) 
tr \bc ca ah) 

8^.28 



t^,abe 
^_2 {<.(<-a)(<-6)(<-c)}l 

O&C 8 

=Ji-*{(«-«)(«-6)(»-c)j*. 
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17. Area of quadiilateial 

=1 1 {,EA + AG) . AB^ {EA + AC)BA I sinA 

^L^EC.BD.waA 
2 

sJLo&.siiL^. 
2 




Pio. 68. 



18. 



g^ - b^ BJnA . suuB ^ a^ sin^ . siiiJB - b^ amA . sjilB 
2 'sin(^-5)~ 2 8m(^-JB) 

_ ah sinM - ab Bi a^B _ a5. sin(^ + B), sinjA 
2Bm(A-B) 2sin(ul-JB) 

_ <ibsm(A + B) 
" 2 

a& . sinC 



-B) 



2 



=area of triangle. 



19. 



JB= 



a 



a 



2sin^ "^2 



« - a 2a + c 

-2— « 



oft a^ a 
c aV2"'72 ' 



.*. JJ=r^. 
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20. cot(jB-^) + cot2M +-2)=cot(jB-^) + cot(2^ + C) 

1 + cotB . cot^ 1 - cot2-4 . cotO 



cot2-4 + cotO 
1-0 



cotjB - cot JL 

tanJ - cot-4 cot2 J. + 
2 . 2taTLi 



tan^ — cot J[ 1 - tanM 
2 tan^ . 2 tan^ 



tan^ J[ — 1 1 — tan^^ 



=0. 



21. 



2a&c 







, . • COS77- • COS-5- • cos— 
a^-h-'fC 2 2 2 



_ 2a6c A.(g~ft) A . (8 - 6) A . (8 - c) 



2a6c 



= V« . («- a) («- 6) (« - c) 
=area of triangle. 



32 . cos^ 



s in2^ . 6V 
'8.(«-ay^ 
sin2^ . '^^ 

' »(t)' 

62. sin2^ 




= 6^. sin-4. . cos-4. = 6^. sin-i . oT 

•=^6c.siiL4 
=area of triangle. 

area x 32 cos*— = sin2^ . (2a + cY, 
2 
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23. 



AD = c . sinl^, /. , AD .c=^c^, sin^. 
A 




Pig. 70. 



/. ^D(6 + c)=62 sinO+c^.siiLB; 
hhmC+f?smB 



,\ AD^ 



b + c 



24. (1) 



£i>=r. cot 



B 



CD^r.cotr^; 




.•. r.C 



coW + cot 



.•. r= 



a 



COty+COtg- 
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(2) From the preceding Example — 



a sm— • sm-5- 

n 2 ) 

2i2 . sin-l . sin— • sin-^ 

COSg- 



, by Art. 221. 



(3) Let be the centre of the escribed circle touching BG and the 
other sides produced, as in diagram to Art. 223. 

Then BD=OD. cotOBD=rt . tan^ , 



and CD^OD. cotOCD = n . tan^ 
.-. 5i) + 02>=ri(tan|+tan^V 



.-. ri= 



a 



^ B ^ C 

tan^+tan— 




Fig. 72. 



(4) By the preceding Example — 



B G 
a . cos-^ • ^^^ 

" — rgr^- 

2R . 8in-4 . cos-^ • cos-g- 



cos^ 



.T> A B G 
=4ic . sm— • . cos-g- • cos-g- 
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=2fi . (coa^ + 1) + E . (cosB + cosC- cos^ + IJ 

Ex. SLVIII. 

= 3fi + Rip^A + oosB + coaC). 



S. Let r be the mdiua of the ciide. 
Then area of inaerited polygon of 2n Bidea = nr*. 8 

area of inscribed polygon of n aides = ^ - 1 

area of drcumaaribed polygon of n Bides » nr'. ta 
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M^-OK'*^-*^) 



. TT 

2 ^ Sin— 

-7; — 2sm — cos— • — 
2 n n V 

cos — 
n 



iW 






26. Let Oy M be the centres of the inscribed and escribed circles. 

A 




Then MO=MA - OA 

A A 

=riCosec=- - r . cosec— - 

2 2 

= (ri-r)cosec-5- 

= < 4jB . sin^ • cos-g • cos-g -^B.sin-g • sm-g • sin-g J cosec-^ 

(By Ex. 24.) 

AT% S B C . B , G } 
=4ic < cos-^- • cos-^- -sin-g- • sm-5- > 

=4U.sin4, 
2' 

and similarly for the other escribed circles. 
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1 



11) Let BEF be the triangle so formed. 



Then b 



,„-BD 



GIT b ' 

So also, GD=^, and BimiJariy fcr the'' 
segments of the other sides. 

TheE area CDE^l- .^.-^.^mC 



Similar expressions may be obtmned for the areas of BFD, AFE, 



(a + c)(6+e)"(6 + <.)(c+a)"(c+6)(a+6) f 



'■ nfi + r^.+Vi: 



■{«-o)(.-6)'"(g-6)(«-e)'^(s-c)(«-a) 
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miADB" AB 

smABC^AG 
BinACB AB 

.'. since 8in-42>B=sin^CB, 

KLuBAD BD 
BiuABCAG' 

.'. ACsmA=BD.smB. 




Pig. 75. 



30< Let 0, P be the centres of the inscribed and one of the escribed 
circles. 

Then OB and PB bisect the interior and exterior angles at B ; 
and .*. OBP is a right angle. 

Hence OBPC is a quadrilateral round which 
a circle may be described. 

Then 0P=^ OB . secBOP 

= OB . SGCBCP 



.-. 0P= 



= OB.cosec-^- 


A 


V J 


A A 
c.sin-TT c.sin— 
2 2 , 

COSg 


/ 


\1/ 

P 

Pio. 70 


.A „ , A 

e . sin— 2c . suiTr- 
2 2 


2a . sin— 
2 


a 


. C G sine 
sin^cosg 


sinJl 


cos 2 


Similarly 0P= -^ ' 

COSg 


c 
cos^ 
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^, A B C '"^J 

31. r. cos-^ • cosec-g- • cosec-g=— «— ^, 

sin 2- . sin 2" 



/ 8.(8-a) 
V he 

V ^ V S5 



=r 






« ' V(»-a)(«-6)(«-c) 



32. tanY + tanY + taiiY 



, / (.-c)(.-6 ) /(a-:^^ /(a::^) 

_ (g-c)(g- 5) . (<-a)(<-c) . (<-6)(<-tt) 
iSf ■*■ iSf "*■ iSf 

«=^ • j (a + 6-c).(a+c-6) + (6 + c-a).(a+6-c) 

iSf "8 

\a cj r 
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33. TA . BC^BA . PC+AG.BP 



(Euclid, vi. D.) 



BC BA AG 




Pig. 77. 

•. PA . siiL4=P0. miC+PB . siaB. 



34. Each of the angles at 0=120''. 

Let OA, OB, OC be represented by di, dt, d^ 

<?=^d? + d^- 2did^ . cosl20° ; 

/. c= »Jdfm^f+d^ 




Pio. 78. 



Similarly for a and K 

Also, aiea=(^+^+^) ginlSO' 
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35. Let 04=0, 0B=6, 0(7=Ci L OBA=Q,xaA. lets be the side 
'of the square ABGD. 

TiimiOBC=SO°-0, 

and (t'=a;'+6'-3&i;costf ; 
fla=a' + 6a-2&Esinfl: 

Fio. 79, ° Sbx sinO= 7? + b^- e\ 

Squarmg and adding these equations, 

and «=\/-g I a?+c^± V^Ca'S^+aV + ft^ir'-M) -(o>+c^". 

(Gaskin'a Solutions of Trigonometrical Examples.) 

36. Let ABf! be any triangle described about a circle. 




Then area of 4PC= area of 4 OB + area of £00+ area of 4 OC 
=|-(a+6-f e) ; 



ft of 4£Co:(a + 6 + c). 
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a=JZ>=c. BiiLB=t.amC, 

. a' _6ir. BinB.sinC_6e 
^y 6c. suLil . sin J. ^ 




38. Let 4 be the obaeirer on the Bea-ahore, the earth's centre, 
50 tie mountain whose height = 1284'8 yarda='73 miles. 
Then since C b just viaible from A, 
AQ\s a tangent at A. 
Join OA itnd produce it to D, making AT)= 
milw ; then l DC A wangle of depression of C from j 
D=2M5'. 

Then JC=3.cDt2M5' 
logJlC=h)g3+icot2M5'- 10 

=•4771213+ 11-4057168-10 




=1-81 



. .JC=76-3Q51. 
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Let OjI, the earth's radios, =»r ; 

.'. JC'=BC(2r+BC)='73(ar+73), 

and log (Sr+-Y3)=2 log JC-lcg ■73=3-8023533; 

.-. Sr+ ■73 = 7986-4; 

,■. r=3992'835iniles. 
(Gaskin's Sohiiiom of Trigonomeirical Examples.] 



'. Let jLBCbe the triangle, CO=b, BO=a, 

i BAD=6, aad .: iCJi>=60°-fl. 
Let AB=x. 

Thenx.siD0=a, 

s\n{m° -g) _b 
Pic. 68. ■ ■ ain« ■ a ' 

.■. -^cotfl- — = — ■ 



!e=y^a= 



.^/? 




. JD-2DB, 



DB^ GB~ 
AB==AD+DB:^3DB, 

.. BE = AB = 3nB; 
.: DE=BE+lJB=iDB. 
Then, by Edclid, yi. i. 
aC£D : tuAGD: a ABC: t^CDE 
=DB -.AD-.AB-.DE 
=1 :2 :3 : 4. (Gastin). 
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41. 



i2.siiL4=|-,byArt. 221; 
/. iZr. (sin^ + siiLB+sinC) 

=area of the triangle 



42. The circles have the same radius because B= 



2&mB 



In the example given, sin50°. 15'= '7688418 ; 

564 



.'. Jt^ 



1-5376836 



=366-785. 



43. CaU the angles x,^ , ^^y ^ x + 3y ^ 

Jt ^ u 

2i ^ O 

andx+ — Q=^^ 

.-. 14a; + 15y=127r) 

TT 67r m Srr 

Hence ^==Tfj ^^^ ^~ 17 ' 

. i.1. 1 «^67r 7Tr IItt IOtt 

.-. the angles are — , — , -j^, — 



(1 - ^^^ 
44 (l + cotPO^)« <,^ PMJ 

' (1 + cotPCB)2"" / 0M\2 

"{PM+GMf 

CI^-2CN,PN 
CI^ + 2CN.PN 

CN.CD-^CN.PN 




M B 



Fio. 85. 



CN.CD + 2CN,PN 

CO^N CB - CM BM cotPBA 

CO + PN AC-^ CM~ AM^cotPAB 



^H i6o 
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^H 


r+r. + n-r. 


_S^_S_^ jS 8_ 




«(2.-.)^ 








S.(S-.) 


.-S)(.-o) 




-s.j'-Jfc 






6{2^-..(. 


+ 6 + <:)+6cl + c{-»(6+c-ffl) + M 




S 




6-.-|<4+ 


e+»)(6+c-o) + 6c' 




S 




-s-!^" 


-(6+c)^+a''+2fo:i 




-iF-'* 


«')-^2aJ«i.C-?5£^_4B.™C ^^ 


^H 


Let C be the right angle ; then, by Ait. 223, ^^^| 






..•-^•.,„d ^H 






--r-'. ■ 


^H 




4 -"^ -3^=S.n^; 


^H 


Fio.ee. 






.-. r¥=a. 


^H 


E 


Using the notation of Art 228, 


I/ 


^ 


O.0-4OOO miles, 
0£=0B. Hec.l°.58'.10' 


IC 


u 


= 4000x1-005910 
= 4002-364. 




^ 


.-. J£=2'36 . . . milea. ^^m 



KEY TO ELEMENTARY TRIGONOMETRY. i6i 

4S. Uiiiiig the notation of Art. 228, 

I Mc£OB='^^^=10003I26, 

I and, by the Tables, sec 1'. 26'=1-0003130. 
^ Hence dip of horizon = 1°. 26' nearly. 

49. Let A be the man'ii eye ; £ the lamp ; the centre of the earth. 
Then ^Z> + 1)5=62800 feet. 
And, if the radius of the earth be R feet, 



BJ>'=32(27t + 32). 




Hence, approrimatfily, \Tifi + V64Ji = 
c, ^/B. (4 + V3) = 26400, or, ^Ji" 13 = 26400(4-^^3) ; 



60. In 72 minutes the ship travels 12 milee. 
Then using the notation of Art. 228, 
BW=QE.BA, 

.'. radinB=4224 miles. 



i62 KEY TO ELEMENTARY TRIGONOMETRY. 

51. Using the notation of Art. ^£H, 

r.POR-*'* 3356 

.-. icua£OB = 10 + log3956-log395B 

= 10 + 3'5072563 - 3'5975855 



Whence, by tie tables, 

EO£=2°.13', 50*. 



52. Let r be the radius uf a section of the earth, miide b; a plane 
through its centre perpendicular to the line joining ita centre with the 
ann'a centre. Then if d be the circular measure of the angle aub- 
tended by r at the sun's centre, and i be the distance between the 



"■ d 57-39577 X 60x60' 
57-29577 X 60 x 60x4000 



'. Using the same notation as in Ex. 52, 
, . 4000 
'^"^ = 241113 • 
.■. i tanfl = 10 + log 4000 - log 241118 
= 10 + 3-6020QOO - 5-3822296 
-8-3198304. 
Hpnoe, by the tables, 

fl=fi7'. l"-5=neBrly. 
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54. Let A, B be the two points ; then AB is a tangent at its middle 
point D to the earth's surface. 

AD = DE nearly = 4 miles, 

AE=10 feet=r2g^miles. 

Let C be the earth's centre, and CD=r. 
Then AE(2r + AE) = AJD^, 
.'., approximately, AE . 2r = J.!)* ; 
16 X 5280 



.'. r= 



10x2 



=4224 miles. 




Fia. 89. 



55. The limit of deviation is the angle subtended by the radius of 
the target at a point 600 feet distant, and if this angle be denoted 
by^ 

600 
.*. ^=tan-i-008. 



56. Regard the moon M as the base of a cone of which E^ the eye 
of the observer, is the vertex. Then S, 
the shilling, will intercept all the rays 
of light from M to E, when it is so near 
to 8 that lines firom E to the circum- 
ference of 8 do not, when produced, fall 
within the circumference of M. 
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From 1508 to the close of the Elizabethan Period. 

By Ellen Ckofts, Lecturer at Newnhaai Call^, Cambridge. 

Croivii %!/o. "Js. 6d. 
ECOleSia Angiicana. a History of the church of Christ in 
EnglsCnd from the earliest to the present times. By ARTlllJit 
Charles Jennings, M.A., %n« CoH/sf, Cambridge; Vicar of 
WhiltUsjard. 

SecoKd Edition, Rei'isid. Crown %VB. "Js. 6d. 

History of the Church under the Roman Empire, 

A.D. 30 476. By lie Rov. A. D. CliAKE, B.A., Viiar of Haven 
Slrfil, Ryde. 

Waterloo Place, London. 
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Historical Biographies, ediud by the Rev. m, 

Creiohto.n, M.A.,LL,D., talc Fcllmi) and Tulor af Merion Collcg/. 
■y"' • wiih Maps and Plans. Small %ve. 
Simon de Monlfort. £>M. Creighton, M.A., LL.D. -uM. 
The Black Prince. By Louise Cbeighton, as. fxi. 
Sir Walter Ralegh. By Louise Creigkton, y. 
Oliver Cromwell. By F. W, Cornish, M.A. y. &/. 
The Duke of Marlborough. By Louise Creichton. jj. &y. 
The Duke of Wellington. By Rosamond Waite. jj, 6./, 

Sc-cmul Edition. Cnmm ivo. 6s. 

A Handbook in Outline of the Politicaf History of 

England to 1882. Chronolc^ically arranged. By A. H. 
Dyke Acland, M,A., C/irisI Church, Oxford, and Cyril Ran- 
soms, M.A., Prafasor of Medrrn LiUratHn and HSit»ry, Yertskire 
College, Leeiis. 

Cfwin 8m>. Paper emier, U. Clulh limp, (i. M. 

A Handbook in Outline of English Politics for the 

Last Half Century. Eilracted from "A Handbook pf Englisb 
Polilical History." Witii Appendices on Ihe Reform Bills, Dis- 
franchised and Enfranchised Boroughs, &c. By A. H. Dykk 
Acland, M.A., ani/CvKiL Ransome, M.A. 

Small &V0. II. &/. 

A Skeleton Outline of the History of England, 

being an abridgment of a Handbook in Outline of the Poliliial 
History of England. By A. II, Dyke Acland, M,A., oik/Cvhil 
Ransome, M.A. 

Small Sto. is. 6d. 

A Skeleton Outline of Greek History, chronologically 

arranged. By Evelvn Abbott, M.A., LL.D., Fellow and Titter 
of Balliol Colkge, Oxford. 

Small S7'i7. ■is. 

A Skeleton Outline of Roman History, chronologically 

arranged. By P. E. Matheson, M.A., fellow of Nezf College, 
Oxford. 

Waterloo Place, London, 
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SCIENCE 

Tkinl and Enlarged EdilioH, IVith niuslraliMs. &'c. 2ij. 

Physical Geology for Students 'and General 

Readers. By K. H. Green, M.A., F.G.S., Professorof Geology 
in Ike Yarkshire Cellegi of Science, Leedt. 

Crtm'ti St'o. as. (hI. 

Elementary Course of Practical Physics. By a. m. 

WORTHINGTON, M.A., F.R.A.S., Assiilanl Master at Cli/loii 
College. 

New Edition, Revised. iVUh Illuslrations. Crvim feo. zi. 6rf. 

An Easy Introduction to Chemistry, Edued ty the 

Rev. ARTHLFK RlGG, M.A., and WALTER T. GOOLDEN, M.A., 
Lalutet in Natural Science at Tonliridge School. 

Second Edition. With Illustrations. Crown Svo. jr. 

A Year's Botany. Adapted to Home and School Use. By 

Frances Anne Kttckeneb. lUuslraied by the Author, 

mill Illustrations. Medium Buo. 

Notes on Building Construction. 

Arranged to meet the requirements of Oie syllabus of the Science 
nod Art Department of the Committee of Council on Education. 
South Kensington. 

Part I.— FIRST STAGE, or ELEMENTARY COURSE. Second 
Edition. WilA 375 woodcuts. los, W. 

Part II.— COMMENCEMENT OF SECOND STAGE, ok 
ADVANCED COURSE, Second Edition. fVilA 300 
Toaaieuts, 101, 6d. 

Part III.— ADVANCED COURSE. mtA 188 woodcuts. 2\s. 
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i/tki C-mmitlH a/CoKKiton Ediualion, South Kemii 
ISigned) H. C S 

7ii« 18,1873. " 
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MATHEMATICS 

Riu'mgtm's Mathematical Series. 



mihoul Annual, SJ. 6d. 
By J, IlAMBLiN Smith, M.A., o^ 



ClasskiaiSI. Pdin 



Small Sot. 31. 
Elementary Algebra. 

GomiUU aiut Cuius CoUigi, and lali Lt 
CulUge, Cambridgt. 

Also sn Edition especially prepared to cover the ground rwjuiied 
by the RegnJationa for the Uriversity Examinations in India. 31. 

A Key to El^MENTARV AlGEBRA. 9I. 

Stiiall 8fff. 3J. bd. 

Exercises on Algebra, i'j-j, hambun smith, m.a. 

(Copies may be bad without the Answers.) 
Crmon %vb. Is. 6d. 
Algebra, part II. By E. J. Gross, M.A., J^rZ/mu o) Gom-ilU 
and Cains Colligc, Cambridgt, and Secrdary la Ike Oxford otid 
Cambridge Schsols Examinatioa Board, 
Small %VB. Jt. dd. 
A Treatise on Arithmetic. By}. HAMULm Smith, M.A. 
(Copies may be had witbout tbe Answers.) 

A Key to Arithmetic 91, 
Smalt St'f. 4J. fid. 

Elementary Trigonometry. Byi. tUuBUN- Smith, M.a. 

A Kev to Elementary Trigonomktey. ^i, dd. 
Crown Svo. y. 6d. 

Kinematics and Kinetics. By E, j. Gross, m.a, 

Crsimt %va. 4J. &/, 

Geometrical Conic Sections, Sy G, Richardson, M.A., 

AssistaHt Master al Winchister Colli^. 

Small Siv. y. 

Elementary Statics. By}. Hambun Smith, m.a. 

Small %po. 3J. 

Elementary Hydrostatics, By]. Hambuh Smith, m.a. 

Crffimivo. 6s. 
A Key to Elementary Statics and Hydrostatics, 

By]. Hamblin Smith, M.A. 

Waterloo Place, London. 



Small 8iw. y. 6d. 

Elements of Geometry. By j, iiamblin Smith, m.a. 

Contuning Books i to 6, and portions of Books ii and I3, of 
Euclid, with Exercises and Notes, ananged with the Abbreviations 
sdmitted in the Cambiidjje Univetsily and Local Examinations. 
Books t and z, limp clot}), is. bd., may be had separately. 

CrtnoH Sw. Sj. fni. 

A Key to Elements of Geometry. By j. Hambiin 
Smith, M.A. 

Book of Enunciations for Harablin Smith's Geo- 
metry, Algebra, Trigonometry, Statics, and Hydro- 
atatlca. 

Small 8iv. 3J. 



Crown Sw, 

Companion to Algebra, with 



The Principles of Dynamics. M Elementary Text-book 
for Science Sludcnta. By R. Wokmell, D.Sc, M.A., Beml 
SfasUr of the City of London Afiddlt-Clais Schoal. 
Small %vi>, 

A Collection of Arithmetical Exercises, progressively 

arranged. By A. E. DoNKiN, M.A., and C, II. Howies, M.A., 
Mathcmalknl Masters at Kugby School. 
Small %vi!. y. dd. 

Army and dull Service Examination Papers 

in Arilhmeiic, mcluding Mensuration and LognrilhrnB. Wiih Arilh- 
■ncticnl Rules, Tables, Formulo; and Answers, for the use o( 
SlndenlE preparing for Examination. By the Rev. A. Dawson 
Clarke, M.A., St. John's Collese, CamtriJj^'e. 

Neai Edition, Revistd. Crmon Su>. &. ^. 

Arithmetic, Theoretical and Practical, sy w. n. 

(JlRiJLESiosE, M,A., of ChHsl's Collfge, Camtridgf. 
Also a School Edition. Small few. 31. 6d. 

Waterloo Place, London. 



Latin Composition Books. 

Bennett's First Latin Writer, p. 15. 
First Latin Exercises, f. 15 



Dawb's Beginner'a Latin Exercise Boolt, p. 16. 
Arnold's Henir's First Latin Book, f. 18. 
Geph's Arnold's Henry's First Laliu Book, p, iB. 
pROWDK Smith's Latin Prose Exercises, f. 19. 
Hambun Smith's Latin Enercises, /, 19. 
Arnold's Latin Prose, /. 18. 
Bradley's Arnold's Latin Prose, /. iS. 

Aids to Latin Prose, *. i3. 

Sargent and Dalun's Materials, 

Greek Composition Books. 

Sidgwick's First Greek Writer, p. 23 
Arnold's First Greek Book, /, 33. 
Mokice's Arnold's First Greek Book, p. 23. 
Ritchie and Moore's Greek Method, /. 22. 
Arnold's Greek Prose, /. 44. 
Abbott's Arnold's Greek Prose, /. 24. 
Sidgwick's Greek Prose, p. 23. 
Sargent and Dallin's Materia.ls, p. 25, 

Latin Reading Books. 

Bennett's Easy Latin Stories, p. 15. 

Viri lUustres, /. IJ. 

Second I.atin Reading Book, /. IS- 

Selections from Vergfl and Caesar, /, 15. 

Ritchie's Fabulae Faciles,/. 16. 

Heatlev and Kingdom's Gradatira, /. i6. 

Excerpta Fadlia, /. 16. 

Taylor's Stories from Ovid, /. 19. 

Greek Reading Books. 

Heatley's Grareula, /. 2Z. 

Moricb's Stories in Attic Greek, /. 36. 



Abbott's Selections from Lucian, f. 25. 
MoBEBLv's Alexander the Great, /. 26. 
Sidgwick's Scenes from Greek Plays, /. 26, 

Latin and Greek Unseen Translation. 

Bennett's Easy Latin Pass^es, p. 16. 

Turner's Latin and Greek Passages, /, 2. 

Sargent's Latin Passages, /. 20. 

Spratt and Pretor's Latin and Greek Passages, p. a 

Waterloo Place, London. 
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LATIN ^ 

NiTB EdUian, Revised. Crmon 8i«j. Ji, fid. 
first Latin Writer, comprising AcdJence, the Easier Rules of 
Syntax illuslrnted by copious Examples, and progressive Exercises 
in Elementary Latin Prose, with VocabuiaricB. By G. L. 
BfiNNElT, M.A., Htad Master of Sutton Valines School. 
A Key fcr the use of Tutors only. Sj. 

Crawn %vo. 21. 6a', 
First Latin Exercises. Being the Exercises, with Syntax 
Rules and Vocabularies, from a " First Latin Writer." By G. L. 
liENNETT, M.A. 

Ctmim Svo. IS. 6d. 
Latin Aocidenoe- From a "First Latin Writer." By G. L. 
Bennett, M.A, 

I^eui Editian. Crmvn &vb. 31. 61/. 

Second Latin Writer syG. l. bennbtt, m.a. 

A Key for the use of Tutors only. 51. 
Small ivo. 
l/iri UluStreS UrbiS Romae. An Elementary Latin Reading 
Book. With Notes and Vocabntery. By G. L. Bennett, M.A, 

Mm Edition, Revised. Crvam fcn. 2/. 6,1. 

Easy Latin Stones for Beginners, with vocaimiary and 

Notes. ByG. L. Bennett, M,A. 

A Key foi Ibe use of Tutors only. 51. 

Crmon Sto, 2j, 6r/. 

Second Latin Reading Booii. Formingacontinuationnr-Easy 

Latin Stories for BeginnerK." ByG. L. Bennett, M.A. 

A Key for tiie use of Tutors only. 51. 

Small ivo. aj. 

Selections from Oaesar. The Gallic War. wiih 

Notes, Map, &c. By G. 1- Bennett. M.A. 
Smail&z'o. H.6./. 

Selections from the Aeneid of Vergil, wuh Notes, 

Jtc. By C. L. Bennett, M.A. 

Waterloq Place, London. 
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iGma. Paper cmier, is. Cloth, i/, 4//, 

fasi/ Graduated Latin Passages. For Trandaiion mw 

English, for use in Schools as Unseen Pieces. Jly G, L. BtNNETT, 
M.A., J/tad Masltr of Sullen VaUnet Schecl. 

A Key for Ihe use of Tutors only. y. id. 
CrtrwH %vo. ar. W. 
Fabulae FaoHeS. a Fitst Lmln Reader. Contnining Detached 
Sentences and Consecutive Stories. With Notes and a Vocabnlaiy. 
By F. RlTCHlB, M.A., TAt Beacon, Senenaah, and late Assistant 
Mastir in the High School, Plymouth. 

SmaU &/0. u. 6d. 

Latin Grammar and Junior Scholarship Papers. 

By J. II. Raven, M.A., Hend Master 0/ Faiuonbcrge School, 
Becclis, Suffolk. 

A Key for the use of Tutors only. y. 
Siimll &V0. 2s. 

Easy Latin and Greek Grammar Papers, prepared 

by H. R. Heatley, M.A., Assistant Master at Ilil/irow School. 
Rush-- 

Second Edition. Cr<r,on &vo. 11. Cxi. 
First Steps in Latin. By F. Ritchie, M.A., nt Beae-m, 
Sa/enoaks, and late Assistant Master in the High School, PlymotUk, 
A Key for tbe use of Tutors only. 31. td. 
New Edition. Small %vo. u. &i 
Gradatim, An Easy Trajislatlon Book for EeginnerE. WithVocabu- 
laty. By H. R. Heatlev, M.A-, Assistant Mailer at HaibrmB 
School, ku^by, and H. N. Kingdon, B.A., Head Master ef Dm-- 
Chester Grammar School. 

A Key for Ihe use of Tutors only. y. 
Second Edition. Small imo. is. 6d. 
ExCerpta Facilia. a Secoml Lalln Ttansktion Book, ctmtaimng 
a Collection of Stories from various Latin Authors, with Notes at 
end, and a Vocabulary. By H. K. Heatley, M.A., Asiistanl 
Master al Uillbrmii School, Pugiy, and H. N. KlNt;DciN, B.A., 
Nead Master of Dorchisler Grammar School. 

A Kf.v for the use of Tutors only. 5j. 
Saottd Edition. CnnsmSiv. is. &l. 

The Beginner's Latin Exercise Booli. Atror-iing praciice, 

ornl ami written, on Latin Accidence Willi Vocshulary. By C 
J. HhehwillDawe, B.A,, I-i. Hirer and Assistant Chaplain al St, 
Mark's Collige, Chelsea. 

Waterloo Place, Londoni 
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Latin Texts. For use in schuula, &c. 
f T THE AENEID OF VERGIL. Books I, II. HI. IV, V. VII. 
H Viri. IX. Id. each. Books VI. X. XI. Xtl. 3^'. each. 

H THE GEORGICS OF VERGIL. Books l.-IV. 2,i. ench. 
THE BUCOLICS OF VERGIL, 2,/. 
Vergil, The Bucolics, Georeics, and .lineiil in One Volume, xi. 6,1. 

v.vii.vni.y.Kich. 
Caesar De Bella Qallico. in One Voiame. u. 6,/. 

Civuin 8tD. Oil a cnrJ, ^. 

Elementary Rules of Latin Pronunciation. By 

Arthur Holmes, M.A., lale Senior Fdlam and R'aii of Clan 
College, Camhridse. 

Sixth Edition. Crmon Siw. 31. 61/. 

Progressive Exercises in Latin Elegiac Verse. 

By C. G. Gepp, M.A., Assistant Afastcr at Bradfidd CoUfge. 
A Kev for [he use of Tutors only. 51. 

Tiotlflh Edition. 1 una. is. , 

A First Verse Book, Being an Easy Introduction lo the Mechan- 
ism of llie Latin Heiaineler and Pentameter. By Thomas Kee- 
ciiKVBK Arnold, M.A. 

A Key for the use of Tutors only. 11. 

Neio EditieH. Civion Sva. 

C/iUUS, Elementary Exercises in Latin Elepoe Verse. Coiiipited 

By A. C. AlNGER, M.A., Assistant Master at Eton Crllege. 

^^^ Part I. ts. &/. 1'a.rt 1L as. 6d. 

Hh a Kkv for tlie use of Tutors only. 3^. 6d. 

. t Crmail 8iu. is. 61/1 

An Elementary Latin Grammar. Byj. hamblin smith. 

M.A., 0/ Gonville and Cains Colle^r, and laic Lerlurer in Classics at 



Waterloo Place, London. 
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T'wtnly'nxth Edition, izme. 31. 

Henry's First Latin Book. By t. k. Arnold, m.a. 

A Key for Ihe ns« of Tutors onJy. 11. 
iVir.ii Edilion, Sevistd. Ximg. 3J. 

Arnold's Henry's First Latin Boofi. ^^.c.g.gepp.m.a., 

AsililaM Mailer at Braiifi/ld Collfg', Author of ^^Vxofffss.'tC Emr- 

ciEics in Latin El^ac Verse." 

A Key for ihe use o( Tulors only. 51. 

Twenly-first Edition. 8tu. dt. bd. 

A Practical Introduction to Latin Prose Compo- 
sition, By Thomas Kerchever Arnold, M.A. 
A Key for llie use of Tutors only. u. bd. 

Neui EtfilioH, Eaiiad. Craain Spu. <,:. 

Arnold's Practical Introduction to Latin Prose 

Composition. By G. Granville Bradley, D.D., Dam of 
Wislmimlty, fate Maslrr of Unintrsity Cotltgt, Oxford., andfarmfTiy 
ISatlcr of Marlhorougk Collegi. 

A Key for the use of Tutors only. 5;. 

Crcrjin %vo. y. 

Aids to Writing Latin Prose. containing 144 Exercises, 

with an IntnxJuctioo comprising Preiiminary Hints, Directions, 
Explanatory Matter, &c. By G. G. Bradley, D.D,, ifeoB 
0/ fycstminsta; and T. L. Papillon, M.A., Ec/lo:u and Tutor oj 
New Colltgi, Oxford. 

A Key for the use of Tutors only. Jj. 

Crown i/vo. 
The Aeneid of Vergil, EditA/,witiJVeits at tAe aid, iy Fsasck 

Store, B.A., Chiff Masltr of Modem Subjects at Mmlmnt Taytorf 
School, 
Books I, and II. 2J. &/. Books XI. and XII. 21. 6d. 

Small %vo. \s. 6>t. 
Virgil, GeOrgiCS, book IV. Editn/, wUh Ufe, Notes, VoM- 
balary, and Index, I'y C. O. Gepp, M.A., Anislanl llfasirr at 
Bradfield CoHegi. 



Waterloo Place, London. 
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Third Edition, Rmiisid. Crmim %vo. 31, 6r/. 

Stories from Ovid in Elegiac Verse, with Notes and 

Mai^nal References to the "Public School Latin Primer." By 
R. W. TAVLoK, M.A., Head Masterof Kdly ColUgr, Tavistock. 

A'tui Edition, Rivissd. Crown 8m. 2J. 6if. 

Stories from Quid in Hexameter Verse. Meta- 



Ncw Editiint, R^visid. izme. is. td. 

EclOgCe OuidianCe. From the Eleglac Poems. With English Notes. 
By Thomas Kerch ever Arnold, M.A. 

Second Edition. Small &vo, is. 

OiCerO de Amicitia. Edited, with introduction and Notes, by 
Arthur Siucwick, M.A., Pillow and Tutor of Corpus Ckiisti 
Colltgi, Oxford. 

Small 8iY>, 3J-, 6a'. 

CcBsar. De Bella Gallico. books 1.-111. Edit^i by 

J.H. Merryweather, M.h.,and C. CTancock, M.A., Aisislaat 
Masters at CAarttrhsust, 

Book I. separately, is. 

CrtTOn %vo, jt. bd. 

Exercises on the Elementary Principles of Latin 

Prose Composition. By]. Hambun smith, m.a.. d/gb>i- 

villi and Cai»s College, and late Lidurir in Classics at SI. Peter's 
College, Cambridit. ^ Yi&'i. t,s. 

Small %va. y. ful. 
Uuy. BOOK II. Chiefly from the text of Madvig, with Notes, 
Traiiskiiona, and Appendices. Edited Ijr Henky Belcher, M.A., 
Master of the Matriculation Class, Kin^s College School, London. 

Fourth Edition. Crmon 8f*. ai. dd. 
Latin Prose Exercises. For StBinners, and junior Forms of 
Schools. By R. PROWDE Smith, B.A., Assistant Mailer at 
Clieittnh-im Coli'ge. 

Waterloo Place, London. 
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Latin Passages adapted for Practice in Unseen 

Translation. For Ihe use of Middle Fonns of Schook. Sy 
J. y. Sargent, M.A., /V/Aw and Tutor of Berl/ard Collfgr, 
Oxford; and Editor of " Materials and Modek for Ijitiii aod Greel^ 
Prose Composition." 

New Edition, i 

Materials and Models for Latin Prose Composition. 

Sdedal and ar ranged by 1. Y. SabGeNT, M.A., Filiaui and Tulor 
of Hertford CnUrge, Oxford, and T. F. Dallin, M.A., late Tutor 
and Fillcw of Quan's Cottege, Oifford. 
A Key to Selected Pieces (i i6), for tlie use of Tutors only. Sj. 
Crovin %vo. 

Exercises in Translation at Sight a selection or 

Passages lioni Greek and Latin Autiiore. For the use of Students. 
Arranged and transtattd by K'^ . SprATT, M.A., flnt/A. Prbtob, 
M.A., Fdlcraa of St. Catharine's College, Cambridge, 

Vol. I.— Tkb Original Passages, v 6d. 

VoL II.— The English Versions, ^. 6d, 
i6mo. 

A Latin-English Dictionary for Junior Forms of 

Schools. By C. G, Geit, M.A. Assistant Mailer at Bradfield 
College. \ln the press. 

Tii» work aims at supplpine in n coodso form and at a ■□» price a1] Ihe iDTonnatioD 
nquind by Inyi b Middle Clus Schools, or in the JuDior Formi of Poblic Scboob. 
Archaisms (witD the dxceptbn of such as Dccor in tte moat combundy read autbonX 
wordfi peculiar id PlauttJSi and wodi found ooly in late or erdcaiastical Leiin, have been 
occordiOEly eiduded. On the oiher liand, PrDpec Nanici have been briefly yet adequalety 
treated in aJphalwlical ordtrin the body of the work. NoeBbrthis beensuaced to ensure 
completeness and accuracy, all referencea haring liecn verified Ironi the kleil and moa 

%ve. On a Card, \s. 

Outlines of Latin Sentence Construction. By e. d. 

Mansfield, M.A., Assistant Master at Clifton College. 
Second Edition. Crown 8w. is. 6d. 

Classical Examination Papers. Edited, wuh Notes aud 

Kefcrences, *v P. J. F. Gantii.lon, M.A., Ckssieal Master at 
Cheltenham College. 
Or, interleaved with writing-paper, lialf-bonnd, tor. €d. 
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Cnmm &vo, 

Terenti ComcedicB. Bmtd by t. l. papillon, m.a., Fdima 

and Tutor of New College, Oxford. 
ANDRIA ET EUNUCHUS. With Inltodaction on Prowdj-. +1. W. 
Or separately, ANDRIA. jr. W. EUNUCHUS. 3^. 

Juvenalis Satt'rcB. thirteen satires, sdued iy g. 

A. SiMGOX, M.A., /'tllovi of Queen's College, Osford, 

Crtmm 8w. p. 6d, 

Persif Satires. EdUed by a. Pretoe, m.a., Fellow of St. 
Calkaritu'i College, Cambridge. 

CroTiin Zvc yi. fxl, 
Horati Opera. By J. M, Marshall, M.A., Head Master 0/ 
Durham Schoel. 

»VOL. I.— THE ODES, CARMEN SECULARE, and EPODES. 
Also separately, THE ODES. Books I. to IV. u. 6d. each. 

Crtrum fen. 
Taciti HistoriCB. EdUed by W. II. Simcox, m.a., Fellow of 
Quail's College, Oxford. 

» Books I. and II., Ss. Books III., IV., and V., &. 

CrowH 8jw. Fiifer eover, is. eaei. 

Plays of the Oratory School, Birmingham. 

TERENCE— An ukia— PHORMio— Pi nceen a. 
^H With English Notices to assist the rcpresenta.tion. 
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GREEK 

New Edition, Rfvisfd. Cratim Svf, 31. Grf. 

A Primer of Greek Grammar, wiih a Pretce i-y jokn 

Percival, M.A,, LL.D., Pi-csideiU of Trinity Colege, Oxford; 
late Head Master of CHfton College. 

Or separately, cnmm %vd. 2s, 6d. 
Acoidenae. By Evei-VN Abbott, M.A., LL.D., Fellow and Tutor 
ej Balliol CoUege, Oxford; and E, D. Mansfield, M.A., 
Aaislaut Master at Chfton College, 

Crown Svo. II, 6d, 
Syntax. By%, D, Mansfield, M.A., Assistant Master al Ctifton 
Collese. 

New Edilion. Crown 8wi. y, 6d, 

A Practical Greek Method for Beginners. Being n 

Gradusted application of Grammar to Translation and Compo&itinn. 
By F. Ritchie, M.A,, The Beacon, Set/aioaks, and late Assistant 
Master at ike High School, Plymouth; and E, H. MOOKE, M.A,, 
Assistant Master at Ike High School, Plymouth. 

A Key for the use' of Tutors only. 51. 

Crown &V0, zs. 6d. 

A Manual of Greek Verbs, with Rules for the Fonmnion of 

Tenses, and Tables of Verbs for Practice. By F. Ritchie, M.A., 
The Beacon, Sevenoais, and late Assistant Master at the Jiigk 
School, Plymoulh; and E. H. MaoRB, M.A., Assistant Master at 
the High School, Plymouth. 

Small %vo. \s. 6d. 

GraeCUla. a First Book of Greek Translation, With Rules, Short 

Sentences, Stories for Translation, and a Vocabulary. By H. R. 

llEATLEV, M.A., Assistant Master al HillbrMu School, Sngby. 

A Key for the use of Tutors only, Jj. 

Small i^o. zs. 

Easy Latin and Greek Grammar Papers. For the 

use of Public and Private Schools. Prepared by H, R. Hbatlby, 
M.A., Assistant Master at HiUbrow School, Rugby. 

Waterloo PUice, London. 
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Nfw Edilien, Retiisid. Crown Ssa. 31. 60^ 

A First Greek Writer. By arthue sidgwick, m.a., F(W>w 

ami Ihlor of Corpus C/irisH ColUge, Oxford; laU AssiitaiU Master 
at Siigby Scksol, and Fdlmu of Trinily College, CamMdge, 
A Kbt for the use of Tutors only, 5*- 

Fourth Edition, Revised. Crown %vo. Jj. 

An introduction to Greelt Prose Composition, with 

Exercises. Sy Arthur. Sidgwick, M.A. 

A Kky for the use of Tutors only, 5^-. 

Second Sdilion, Revised, Crown &uO, %s. 

An Introduction to Greeli Verse Composition, with 

Exercises. Sy Arthur Sidgwick, M.A,, Felloii) and Tutor of 
Corpus ChnsH College, Oxford; and F. D, MojjCE, M,A., 
Assistant Master at Ru^y School, and Felloiu of Queen's College, 
Oxford. 
I A Key for the use of Tutors only. 51. 

H .Sixth Edition. iMio. 5.1. 

■fAe First Greek Book. On the pl^i. of henry's First ZaliK 
Book. By Thomas Kerchever Arnolei, M,A. 
A Key for Ihe use of Tutors only, \s. &/. 

Neil! Edition, Reaised. Crouia %m. jj. bd, 

Arnold's First Greek Book. By frakcis david moricb. 

M.A., Assistant Master at Ru^-iy School, and Fellavi of Qiutn's 
College, Oxford. 
m A Kev for the use of Tutors only. 51. 

P Cloth limf, %iio. dd. 

Elementary Card on Greek Prepositions. 

E. VRlKiTLAtiU, M.A., Spi'HdcH House.' ■ ■■ " ' " 
CroTim 81W. gd, 

A Short Greek Syntax. Evirated from "Xawphon 



Waterloo Place, London, 
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A Syntax of Attic Greek for the use of Students 

and Schools. Sy F, E. Thompson, M, A., Assistanl Master at 
Marlbowugh Cellege. 

Third Edilian. Imperial i6i»a. 8s. Gd. 

Maduig's Syntax of the Greek Language, especially 

of the Attic Dialect For tlie use ol Schools. Edi/al iy 
TlLOMAS Kkrchever Aknold, M.A. 

TeiUA Ei/iliaii. Sve. ^s. &/. 

A Practical Introduction to Greek Accidence. By 

Thomas Kercheveh Arnold, M.A. 

Fourteenth Edition. %vo. y. 6d. 

A Practical Introduction to Greek Prose Com- 
position. By Thomas Kcrchever Arnold, M.A. 
A Key for Ihe use of Tutors only. is. 6d. 

Neiv EdUioM, Revistd. Civ.iiH Si'c. 3J. 611'. 

Arnold's Practical Introduction to Greek Prose 

Composition, By Evelyn Abbott. M.A,, LL,D„ Ee/lmu and 
Tulor cfBaim College, Oxford. 

A Kkv for the use of Tutors only. ^s. 6d. 
Crmon 8ib. 4J. &/. 

Elements of Greek Accidence. By evelyn abbott, 

M.A., LL.D., Fellow and Tutor BfBaim College, Oxford. 
Crmvn %vq. 41. hd. 

. An Elementary Greek Grammar. By j. hamblin 

Smith, M.A., of ComUlt ami Caius College, and late Lecturer in 
Classics at St. Peter's College, Cambridge. 

Cloth Hmf', fed. IS. 

A Table of Irregular Greek Verbs, classified 

according to the arrangement of Crusius'a Greek 

Qrammar. By Francis Storr, B.A., Chief Master of Modern 
Saijects at Merchant Taylor^ School, and late Assistant Master at 
Marlioroiigh College. 



Waterloo Place, London. 
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Crown Siv. 

Exeroiaes in Translation at Sigtit. a selection of 

Passages from Greek and Latin Authors. For the use of Students. 
Arrangfdand 7i-anslaled by \.'Vf. Spratt, M.A., ami A. Pretor, 
M. A., Fdlnws of St. CaihariHc's College, Cambridgi. 

Vol. I.— The Original Passages. 4^. W. 

Vol. II.— The English Veksions. 4j. bd. 

Crown ikw. 71. 60'. 
—EtUma GraeCa. An Etymological Lexicon of Classical Greek. 
^L '^y E. R. Wharton, M.A,, Lscura- and late Felhw oj Jesits 
^H C<ilUs{, Oxftrd. 

^p Second Edition. Crouin iva. 7/. 6U. 

Ciassical Examination Papers. Ediud, with Notes «nd 

References, iy P. J, F. GANriLLON, M.A., Classical Mastfr at 
Chellenham College. 

Or interleaved with wiiting-paper, half-bound, loj. 61/. 

Stcend Edition, containing fresh Pieca and additional Referemes. 
Crown %va. ^s. 

Materials and Models for Greek Prose Composition. 

Selected and arranged iy J. Y. Saroent, M.A., Fellmn and Tutor 
of Hertford College, Oxford; and T. F. Dallin, M.A. 
A Key to Selected Pieces (92), for the use of Tutors only. "js. dd. 



lophon : An Introduction to the Art of Writing 

Greek Iambic Verses. By the Writer 0/ "Nuces" ami 
"Lucretilis." 

Fifth Edition. Crown %vo. is. 6d. 

Stories from Herodotus. The Tales of Rhampslnitus and 
Polycrates, and the Batlle of Marathon and the Alcmaeonidie. In 
Attic Greek. Sditeii iy J. Surtees PHiLLrorrs, M.A, ffead 
Master of Bedford Crmmmar Sc/moI. 

New EditioHy Revised. Small 8d(J. 31. 6./, 

Selections from Lucian. with English Notes. By kvelvn 

Abbott, M.A., LL.D., Fellouiand Tutor of BalUol Cdte^, Oxford. 

Waterloo Plaoe, London, 



Scenes from Greek Plays, rugby edition. 

Abriilged and adapted for t/i! ase of Schodls. iy ARTHUR SlDGWlCK, 
M.A., Ftllm of Carpus Ckristi College, Oxford, late Assislanl 
Master ai Rugby Scheol,and Fellsw of Trinity College, Cambridge. 

Aristophanes. 

THE CLOUDS. THE FROGS. THE KNIGHTS. PLUTUS. 

Euripides. 



Foarlh Edilioa. Cnmm Sva, jr. 6d, 

Stories in Attic Greek. Forming a Greek Reading Book for 
Ihe use of Junior Forms in Schools. With Notes and VocabaJsry. 
By Francis David Morice, M.A., Asiiilatit Master at Xugiy 
School, and Felltmi of Queen's College, Oxford. 

New Editiotf. Crown %vo. 

The Anabasis of Xenophon. EdUed, with Preface, imro- 

duclion, Historical Sketch, Itinerary, Syotax Rules, Notes, Indices, 
Vocabularies, and Maps, by R. W, Taylor, M.A., Head Mailer lif 
Kelly College, Tavistock,' and laU Fellow of SI. John's College, Cam- 

BoOKS I. and II. is. 6d. Books HI. and IV. Jr. 6d. 

Also separately, Book I., is. 6d. ; Book II., as. 

Crown %vo. ai. W. 

Xenophon 'S AgesiiaUS. EJUed, with syntax Rules, and Refer- 
ences, Notes, and Indices, by R. W. Taylor, M.A. 

Second Edition. Small Svo. 2s. 

Xenophon's Memorabilia, book i., with a few omissions. 

Edited, wiih an Introduction aaA Notes, iy C. E. Moberly, M.A., 
formerly Scholar of Balliol College, Oxford. 

New Edition. Small iivo. zi, 

Alexander tfie Great in the Punjaub. Adapted ftom 

Arriaji, Book V. An Easy Greek Reading Book. Edited, with i 
Notes and a Map, iy C E. Moberly, M. A., formerly Scholar ' 
of Balliol College, Oxford. 

Waterloo Place, London. 



Homer's Iliad. Edited, with Notes at the end for the Useof Jnnibr 
Students, 4c Artkuk SioGWictt.M.A., Fillim of Cerpm ChriiH 
Ctlltge, Ox/ard ; lalt AsshlaHl Mailer al Rusiy ScHmI, and Fdlam 
of Trinity Collegi, Cambridgf. 

Books 1. and II. is. td. 

Book XXI, u. hd. Book XXII. \s. 6d. 

Small 8tw. is. 

Homer without a Lexicon, for Beginners, iliad, 

Book VI. Edited, with Notes givEng the meanings of all the less 
common words, by}. Surtees Phillpotts, M.A., HradMailerof 
Sedjiird Grammar SeAani. 

Fifth Edition. IZmo. y. 6rf. 

Homer for Beginners, iliad. books 1.-111. with English 

Notes. By Thomas Keichever Arnold, M.A. 
Fifth Edition, lima. I2j. 
The Iliad of Homer. with English Notes and Grammatical 
References. By Thomas Kerchever Arnold, M.A. 



Crown Sniff. 6j. 
The Iliad of Homer. books I.-XIL From the Tea of 
Dindorf. With Preface and Notes, By S, H. Reynolds, M.A., 
late Feilmi aiui Tutor of Braseaose CWege, Oxford. 



Myths of the Odyssey in Art and Literature. 

Illustrated with Outline Drawings. By], E. Harrison. 
New Edition, tlinu. 91. 

A Complete Greek and English Lexicon for 

the Poems of Homer and the HomeridcB. By g. 

Ch. Crusius. Translated from the German. Edited by T. K. 
Arnold, M.A. 

Crovin Szv. 41. 6d. 

Isocratis Orationes. ad demonicum et panegyricus. 

Edited by John Edwin Sandys, M.A., Fdlirui and Tutor of St. 
John's College, Cam6ridgt, and Fvblie Oralor of the Uniuersily. 




TMrd EdUion. Crir^en 8w. is. 6J. 

Short Notes on the Greeh Text of the Gospel of 

St. Mark. By I. Hamiilin Smith, M.A., d/ Comiilie and 
CaiH! Calkgf, Ciimhiiilgr. 



Notes on the Greeh Text of the Acts of the 

Apostles. By I. Hamblin SMiTH,'M.A.,p/C<wre'(7/i-o«i/ Cu/m 
I College, Cambridge. 

Crimm 8w. (n. 

\ Notes on the Gospel According to S. Luhe. 

I By the Rev. ARTHUR Cakk, M.A., Assiitaal Maslir at Wdlinglon 

I College, late Feltirw ef Otiil College, Oxford. 

[ Neio Edition. 4 vols, %ub. 1021. 

The Greek Testament, witu a cndoiur Res^scd Text; a 

Digest of Vntious Readings ; Mftl^nfll Refwetiees to Ve(t«J aiid 
Idiomatic U&age ; Prolegomeiia ; and a Critical and Exegclical 
Commenlaiy. For tlie use of Theoli^cal Students and Ministf is. 
I By Henry Ai.ford, D.D., late Dean of Canterbury. 

I The Volumes are sold separately, as tollowB :— 

I Vol. I.— THE FOUR GOSPELS. aS/. 

I Vol. H.^ACTS TO a CORINTHIANS, ms.. 

Y Vol. III.— GALATIANS to PHILEMON. i8j. 

I Vol. IV.— HEBREWS to REVELATION. 32/. 

New Edition. % vols. Imperial %iio. 6oj. 

L The Greek Testament, with Notes, introductions, md index 
I By Cur. Wordsworth, D.D., Bishop of Limoln. 

I The Farts may be had separately, as follows : 

I THE GOSPELS. i&. 

I THE ACTS. %s. 

\ St. PAUL'S EPISTLES. 23.E. 

I GENERAL EPISTLES, REVELATION, and INDEX. 61. 

\ Waterloo Place, London. 
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CATENA CLASSICORUM 

Crown %vo. 

Aristophanis Comoediae. By\^. C. Grken, M.a. 

THE ACHARNIANS AND THE KNIGHTS, ^i, 
THE WASPa y, 6^. THE CLOUDS, y. dd. 

Demostlienis Orationes Publicae. ByO, M, WtMwv, \A.K. 

THE OLYNTHIACS. 2/. (xi, \ ^ . ..^ v^lnm* a, f^l 
THE PHHJPPICS. y. ^ or, in One Volume, 4/, 6^, 

DE FALSA LEGATIONE. 6/, 

Demosthenis Orationes Piivatae. By A, Holmm, H,\. 

DE CORONA. S/. 

Herodoti Historia. By H. G, Woow, M,A. 

Book L, 6$, Book IL, 5/, 

Homeri Ilias. By S. IL RrviwnLiA M,A. 

Books L-XIL 6r, 

Horati Openu By j, m, Mail\hall, m, a. 

THE ODES, CARMEN SECITLARE, AMO KVOifKH, V* A/. 
THE ODES. Bo«>KJ L to IV. ^cfoxateiy, ir, 6(/, eadi. 

^/OK3» Er/wr/ji .HA5»r/y*, M,A* 
AD DEMONICUM ET FANfcOVfclCCS. 4^, ffd. 

*r» By G. A. SiW/fJL, M.A. y. 
^ A. iTkarroa, M.A. j;, <^. 

Soidiodls Tragjoediae. ^ r. c Jnt*, m.a. 

THEEIXCTRA. >. ^. THfc A/AX. J^.^. 

Taciti Historiae. i^ w^, h, 5i>i</»z, U.A. 

Book* JL »i IL, 4c, Irx^u HL IV. ja^ 7.^ ^. 



L and T^ i^ ',:<.* ^..^u .<<iV„, ,% t^ <c 
I3L jwt rX r:^ 'V. JU i^ 4C'>!f, i<- A, <^ 

Wac^uy> Rae^, LfjcjtWjBi. 



|33 MESSRS. RIVINGTON'S [DIVINITY. 

DIVINITY 

Crimen &iia. zs, 6d, 

\ The Gospel according to S. Matthew, with Expianaior, 

Notes for til c Use of Teachers. ByHasai HeBDBHTWvATT, M.A., 
PHiiiJfa! of Bri^'hlBit 7 ratniHg Celltgt, and Vicar 0/ Bolnty, Sussex. 
Wilh CotDiDendflloiy Preface by the Archbishops' Inspector of 
Training Collt^es. 

Atitf <!»(/ /lei'ised EditioHs. Small tma. y. W. each. SoM separately. 

Manuals of Religious Instruction. E^m by 

John riLKisaroN Sorris, D.U,, Archdeaeon of BriHol. 

The Old Testament. | The New Testament. 

The Prayer Book. 

Cheap Edilion. Small %vo. \$. 6./. each. 

Keys to Christian Knowledge. ByiAeR^v.j.u. 

Blunt, D.V. , Editor /i/ the "Annotated Book of Common Prayer." 

The Holy Bible. l The Church Catechism. 

The Book of Common CtmPchHistopy,Ancient. 

Prayer. I Church History,Modern, 

I By Jous PiLKINGTON NoRRi!', D.D., Arehdcacan oj Briuol. 

I The Four Gospels. | The Acts of the Apostles. 

iSmo. IJ. 6a'. 

Easy Lessons Addressed to Candidates for Oon- 

firmatiOn. By J. p. Norkis, D.D., ArehdeaCBn p/ Bristol. 
New Edition. Small ivo. is, 6d. 

l,A Manual of Confirmation. By edward mevwck G(.i;l- 

■ bi;rn, D.D., Dean of Nonmeh. 
Crown Sva. 7s. 6d. 

tSome Helps for School Life, sermons preached at CMon 

■ College, 1862-1879. ^yS- PBKclVAl, M.A., LL.D., PresideiU of 

■ Trinity ColUgf, Oxford, ayid liUe Head Master of Cliftan College. 
Ctown Svo. IS. Cloth limp, is. td. 

f.Study of the Church Catechism. Adapted for use aa a 

■ Class Book. By C. J. Sherwill Dawe, M.A,, Laturer and 
Assistant CAaflaiH at St. Mark's Colle^, Ckeisea. 

Waterloo Place, London, 
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Household Theology, a »>&«* of lu^ow lafaoMd— 

Rwectiiie the UiAj Bade, tfae Tt*ja Book, tke ClMrch, the 
Uaataj, Dtrine Woedm. iIk Cncdt, b. Ac ^ Or Rev. Joh* 
Hesht Bluct, D.D^ F.S.A. 

Rudiments of Theology, a r>at B«>k b sadon. ^ 

John Pii.kiscto:< Nouis, D.D., Archdiacmt ^ Bn1»L 
i6m#, u.fxL; PmftrCsxn, U.; eria Tlrr Partt, 6d. cait. 

The Young Churchman's Companion to the Prayer 

Boob. ESud ij Oi Ka. J. W. GcI>c^ MJL.. tfoKAcAr-. 
Ditatmm JmtfBtsr ^ ScisA far Iflca Smn^ md tir riim^ 

P*«T L— JI08SIKG *5li EVEJSISG PRA^'ER. An UTASY. 
P4«I It— BAPTISMAL ASD CCWnRMATKn* SEITKES. 
R*«T ra.— THE. HOLY COMMUSIOK. 

Prayers for a Young Schoolbmf. s,tiewt^,E.a.rvmT, 



The Way of We. a i 

VoMBc ^ fi tib c i f iL Wit 

>4 /Vtz/n Exposition of the ThirtyHtine ArOda ef 

the CluifvA 0/ Emgtaad. Fw t^ aw if Scki*. mm ifc 

.&>b«( mUffHtmimyifSL FInd't. ''"' 

A Manual of Oevothn, dtiefly for iht Um ^ 
Schoolboua. '- " - ».-_- — 
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Scenes from Greek Plays, rugbv edition. 

Abridgid and adapted far the au of Schads, ij-ARTHDR SlDGWICU, 
M.A., FiUmB of Corpus Chriili Coital, Oxford, late Asnstant 
Master at Rugby ScAool,and Fellsm of Trinity College, Cambridge. 

Aristophanes. 

THE CLOUDS. THE FROGS. THE KNIGHTS. PLUTUS. 

Euripides. 

IPHIGENIA IN TAURIS, THE CYCLOPS. ION. 

ELECTRA. ALCESTIS. BACCH,E. HECUBA, 



Fourth Edition. Creram 8m). 3*. 6J. 

Stories in Attic Greed. Fonnlng a Greek Reading Book for 
the nse of Junior Forma in Schools. With Notes and Vocabulary. 
Sy Francis David Morice, M.A, Asiislant Master at Ru^ 
&ioi>!, and Fellma of Queen's College, Oxford. 

Neiu Edition. Cnr.oH Sw. 

The Anabasis of Xenophon. Edited, with preface, intra- 

daction, Hislorica! Sketch, Itinerary, Syntax Rules, Notes, Indices, 
Vocabularies, and Maps, iy R. W. Tayi«r, M.A., Sead Maittr of 
Kelly College, Tavistock,' and late Fellow of St. fohit's ColUge, Cam- 
bridge. 

Books I. and IL jr. id. Books III. and IV. y. dd. 

Also sepa.ratcly, Book I., is. dd, ; Book II., is. 

Crown SfD, zs, 6d. 

Xenophon 'S AgeSilaUS. Edited, with syntax Rules, and Refer- 
ences, Noles, and Indices, iy R. W, TaVlor, M.A. 

Second Edition. Small Evo. 2s. 

Xenophon's Memorabiiia. book i, with a few omissions. 

Edited, with an Introduction and Notes, iy C. E, MoBerlv, M.A., 
fornurly Scholar of Balliol College, Oxford. 

New Edition. Small 8vo, 2s, 

Alexander the Great in the Punjaub. Adapted from 

Arrian, Book V. An Easy Greek Reading Book. Edited, with 
Notes and a Map, 6y C E. Mobehlv, M.A., fcrmsrly Scholar 
of Balliol College, Oxford, 



Small imi. 
Homer's Iliad. EdUid. with Notes at the end for the Useof Janibt 
Students, by Arthuk Sidcwick.M.A.. fdlam of CarpHs Christi 
Collige, Ox/OTd ; lali Aiiislanl Mailer a! Rv^y Sthonlt and Fdlma 
of Trinity CoUige, Cambridge. 

Books I. and II. 21. &/, 

Book XXI. \s. 6d. Book XXII. ti. 6d. 

Sr/iail Sao. xs. 

Homer without a Lexicon, for Beginners, iliad, 

Book VI. Edileii, with Notes giving the meanings of bI[ the [ess 
common words, by}. Surtees Pkillpotts, M.A., Bead Master of 
Bedford Grammar School. 

Fifth Edition, ixmo. 31, 6d. 

Homer for Beginners, iliad, books i.-ni. with English 

Notes. By Thomas Kerchever Arnold, M.A. 
Fifth Edition, l2mo. ixi. 

The Iliad of Homer. Wilh English Notes and Grammatical 
Rererences. By Thomas Kerchbveb Arnold, M.A. 

Croian St/o. 61. 
The Iliad of Homer. books I.-XIl. From the Text of 
IJindorf. Wilh Preface and Noies. By S. H. Reynolds, M.A., 
lale FMow and Tutor of Brasaiose C^lege, Oxford. 

H]ith8 of the Odyssey in Art and Literature. 

Illustrated wiUi Outline Drawmgs, By J. E, HARRISON. 
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Complete Greek and English Lexicon for 

the Poems of Homer and the Homeridce. By g. 

Ch. Crusius. Translated from the Gernuin. Edited by T. K. 
Arnold, M.A. 

CT(r.un 8mj. 4J. fid. 

Isocratis Orationes. ad demonicum et panegyricus. 

Edited by John Euwin Sandys, M.A., Ptilirw and Tutor of St. 
Johiit College, Cambridge, and Public Orator of the UniversUy. 

Waterloo Place, London. 
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Heilenica. A Collection of Essays on Greek Poetry, 
Phihsophy, History, and Religion. £.md by Evelvn 

Abbott, M.A., LL.D., Fdimaand Tular of Bailint C^ltgi, Oxford. 
CoNiaHTS.— Aeschylus. E, Myera, M.A.— The Theology ind Ethics of Sophockj. 
" •LI-— -.— Syiieui of Educatii— -- •"— ■- " — ■-i-, " ' »>-...— i^ 
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Republic R. 1. NEiikihht, 

C. Bradlty, M,A.-EBicur.iii. W. L. 

" ' " -XinoiAoD. H.G. 

W. H. M^H^H.A. 
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The Antiquities of Greece, the state. Tumskted from 

the German of fl. F. Sckoemann. By E. G. IIardv, M.A, 
Head Master of Ikt Grammar Sckool, Graaiham ; and J. S. Mann, 
M.A., Felliw of Trimly Calltgt, Oxford. 

Croam 8m?. 

Herodoti Historia. EJittd by h. g. woods, m.a., /*//«<■ 

ot Trinity Collegt, Oxford. 

Book I. &r. Book II. jj. 

Demosthenes. EdUid, with English Note, and Grammaiica! 
References, iy THOMAS Kercheveb Arnold" M.A. 
OLYNTHIAC ORATIONS. Third Edition, is. 
ORATION ON THE CROWN. Seeond Eduion. 4s. 6d 
Crown Sth'. $3, 

Demosthenis Orationes Priuatce. de corona. 

Edittd by AkiHUR HoLMES, M.A., lalt Smhr Fellow and Dtaa 
of Clare CoUcgi, Cambridge. 

CrmvH Svo. 

Demosthenis Orationes Publicce. sdued by o. ii. 

Heblop, M.A., latr Fellmo and Assistant Tutor of Quetn's Callegt, 

Oxford; Head Masltr of St. Bees. 
OLVNTHIACS, 21. W. I „, - n„. v^i,,™. ., /w 
PHILIPPICS, y. \ "'• '" °"' ^''''""^* +'■ ^■ 

DE FALSA LEGATIONE, 6j. 

Crtnim Sw. 

Aristophanis Oomcedice. Edited by w. c grben, m.a., 

late FelloTV of King's College, Cambridge; Assistant Matttr at 

Rugby School. 
THE ACHARNIANS and THE KNIGHTS. 41. 
THE CLOUDS. 31. bd. THE WASPS. Ji. 6d. 

Waterloo Place, Loudon. 
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Scceiid Editicn, Revistd and Enlarged. Crcnon Sve. 

n Introduction to Aristotle's Ethics. 

(Book X., c. vl-ix. in an Appendix}. Wilh s. ContinuouE Analysis 
and Notes, Intended for the use of Begionera and Junior Students. 
£y/A^Rev. Edward Mooke,!). U.,Prinafial a/ SI. Edmmd/fal/, 
nnd late Fdloai and Tutor of Quern's ColUge, Ox/ard. 
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^^B Second Edition. Cnmm Siii. 31. (ui, 

^mfielections from Aristotle's Organon. sdne,/ sy jann 

^F R- MaorATH, D,D,, Prauosl of Queen' i College, Oxford. 

Sophocles. Edited by T.K. Arnold, M.A., A rchd bacon Paul, 
onrfHENRV Brown, M.A. 

tAJAX. jt. OEDIPUS TYRANNUS. 41. 

Croull Sl-fl. 
ophoclis Tragcedice. EdUediyR. c.jebb, m.a,,ll.d., 
Professor of Greek at Ih: Unmersity of Glasgmu, late Ftllmu and 
Tulur of Trinity College, Cambridge. 
ELECTRA. yi. 6d. AJAX. 3^. 6d. 

Cnrum %vo. %s. 6d. 
Sophocles. Translated into English Verse. Jj- Robert Whitelaw, 
M.A., AssislanI Master in Jiiigby Schoal ; late Feltira of Trinity 

I College, Cambridge. 

Crown Sjjo, 6s. 
fhuCydidiS Historia. books I. and II. Edited by Charles 



Biac, D.D., /ale Senior Student and Tutor of Christ Church, 
Oxford i formerly Principal of Brighton College. 

Crown Spd. 6j. 
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